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In  t h i s  s tu d y , I  s e t  ou t to  examine a  nimber of f e a tu re s  of th e  
ovary of th e  aquatio  in s e c t ,  N otoneota g lauoa glauoa L inn. In  a d d it io n  
to  in v e s t ig a t in g  th e  s t ru c tu re  of th e  ovary , and the p a t te rn  of sy n th e s is  
o f HNA w ith in  tne ovary during  o o g en esis , I  w ished to  ev a lu a te  the 
c o n tr ib u tio n  wtiioh the  d i f f e r e n t  types of c e l l s  w ith in  th e  ovary make to  
the growing oocy tes.
Female in s e c ts  have two o v a r ie s , each composed of egg tubes o r  
o v a r io le s . The number of  o v a r io le s  in  each ovary i s  c h a r a c te r i s t i c  of a  
sp ec ie s  and v a r ie s  from few to  many (W igglesw orth, 1953)* I n  some D ip te ra , 
f c r  example, th e re  may be only  one o v a rio le  p e r ovary , w hile in  some Iso p - 
te ra n s  th e re  a re  over a  thousand.
In se c t o v a rie s  have been c la s s i f i e d  in to  two ty p es  (F ig . 1 ) ,  depending 
on th e  presence o r  absence of n u t r i t iv e  c e l l s  w ith in  the ovary* N u tr i t iv e  
c e l l s ,  which a re  sometimes r e f e r r e d  tc  as  tro p h ic  o r nurse  c e l l s ,  a re  
supplem entary c e l l s  which c o n tr ib u te  to  the  oocytes during  oogenesis. 
P a n o is tio  o v a rie s  have no n u t r i t iv e  c e l l s  and a re  found in  the  o ld e r  o rd e rs  
o f in s e c ts  -  the Thysanura, O rth o p te ra , I s o p te ra ,  Odonata and P leo o p te ra  
(se e  review  Bonhag, 1958). M ero ls tio  o v a r ie s , on the  o th e r  hand, do have 
n u t r i t iv e  c e l l s ,  and a re  f u r th e r  su b -d iv id ed  in to  polytwophio ty p e s , in  
which a  n u t r i t iv e  c e l l  o r a  group o f n u tr i t iv e  c e l l s  a l te r n a te s  w ith  s in g le  
oocy tes down the o v a r io le ,  and te lo tro p h io  ty p e s , in  which the n u t r i t iv e  
c e l l s  ar;- co n cen tra ted  in  a  d i s t i n c t  tro p h ic  reg ion  a t  th e  a n te r io r  o f the 
o v a r io le ,  and a re  u su a lly  jo in e d  to  th e  oocytes by cy toplasm ic co rd s .
S ev e ra l workers have in v e s t ig a te d  the  o r ig in s  of th e  d i i f e r e n t  types 
of c e l l s  found in  in s e c t  o v a r ie s ,  and concluded th a t  the oocytes emd the 
n u t r i t iv e  c e l l s  a re  p roducts  of the germ l i n e , w hile a l l  o th e r  ovarian
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t i s s u e  i s  of mesodermal o r ig in  (W ieaan, I 9IO; N elson , 1)3!^; ^iok &
Bonhag, 1955).
In  in s e o ts  w ith  p a n o is t io  o v a r ie s , a l l  the  oogonia develop in to  
oooytes. In  the  m e ro is tio  ovary  o f D rosophila  m elanogaster. K^ok,
Smith A King (1967) have s tu d ie d  the  morphogenesis o f the egg ohaober 
and dem onstrated how the  p roducts  o f a  s in g le  oogotiial c e l l  develop 
in to  a  branching ch a in  of 16 c e l l s  which a re  in te rc o n n ec te d . They a lso  
su g g est the mechanism by which a ) c e l l  d iv is io n  i s  in h ib i te d  once 16 c e l l s  
a re  form ed, b) the fu tu re  cleavage p la n es  o f th e  c e l l  a re  programmed, and 
o) the  way in  which the  oocyte i s  d i f f e r e n t ia te d  from the  n u t r i t iv e  c e l l s .
In  po ly  tro p h ic  o v a r ie s ,  th e re  i s ,  w ith  th e  excep tion  o f one fam ily  
w ith in  th e  D ip te ra  ()4atussew ski, I 96Ü), a  d i s t i n c t  r a t i o  o f n u t r i t iv e  c e l l s  
to  oooytes in  each f o l l i c l e .  F o r example, in  the  seas id e  earwig A n iso lab is  
m aritim a. th e re  i s  one n u t r i t iv e  c e l l  to  each oocyte (K om hauser, 1930), 
w hile in  the  g re a t  d iv ing  b e e t l e ,  P y tiso u s  m a rg in a lis . th e re  a re  f i f t e e n  
n u t r i t iv e  c e l l s  to  every  oocyte (G ia rd in a , 190I ) .  The morphology o f the  
te lo tro p h io  ovary makes i t  more d i f f i c u l t  to  determ ine i t s  r a t i o  of 
n u t r i t iv e  c e l l s  to  o o cy tes .
The c o n tr ib u tio n  of the  n u t r i t iv e  c e l l s  to  the oooytes has been a  
to p ic  o f much sp e c u la tio n  and re s e a rc h , and moat of the esqperimental work 
has been  w ith  p o ly tro p h ic  o v a r ie s . Peacock & G resson (1928), working w ith  
saw flJies, d e sc rib ed  how the  c e l l  boundaries  nf the  n u t r i t iv e  c e l l s  become 
in d i s t in c t  in  the o ld e r  f o l l i c l e s ,  and how some of the cy toplasm , to g e th e r  
w ith  con tained  aocessozy n u c le i ,  pass through a  narrow channel in to  the 
o o cy te , where the n u c le i become engulfed  and absorbed in  th e  ooplasm.
The p o s s ib i l i ty  th a t  n u c le ic  a c id s  a re  passed from n u t r i t iv e  c e l l s  
to  the oooytes of in s e c ts  was p o s tu la te d  before  r e l ia b le  h is toohem ical
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techn iques were in  use (W iesan, ly iO ; B handsri & N ath, 1930). According 
to  Wieman ( I 910) i n  th e  te lo tro p h io  ovary  of the b e e t l e ,  L e p tia o ta rs a  
s i g n a t i c o l l i s . a  s tead y  stream  of n u t r i t iv e  m a te r ia l ,  i n  the  form of 
b a s ic  s ta in in g  g ra n u le s , passes in to  the  egg by vay o f th e  " e g g -s tr in g " .
Kanfnann, McDonald, B e rn s te in , von B o rs te l  A Das (1933) have in v e s t i ­
g a ted  the wasp, Habrobraoon. and re p o rte d  th a t  DNA p asses  from th e  
n u t r i t iv e  c e l l s  to  the  o o cy tes , where i t  i s  broken down and d isp era t'd .
Two au th o rs  have p resen ted  c irc u m s ta n tia l  evidence which sugce .ts
th a t  in  the honey b ee , HNA p asses  from n u t r i t iv e  c e l l s  to  oocytes
(M crgen thaler, 1952; B ie r ,  1954»)# B i r l in  A Jacob ( i 960) fe d  female
14D rosoph ila  m elanogaater f o r  3h w itn  food co n ta in in g  C -o ro tic  a c id ,  
which i s  a  p recu rso r of RNA. They th en  lo ca ted  the  t r a c e r  by au to rad io ­
graphy. From t h e i r  au to ra d io g ra p h s , th e y  d iscovered  th a t  the  t r a c e r  moves, 
w ith  tim e , along stream s of ooplasm which a re  continuous w ith  the cytoplasm  
of n u t r i t iv e  c e l l s ,  and they  in te rp re te d  t h i s  as in d ic a t in g  a  flow  tow ards 
the  oocytes.
In  a  s im ila r  experim en t. B ie r  ( I 963) dem onstrated the  passage o f 
la b e l le d  RNa from the n u t r i t iv e  c e l l s  to  th e  oocytes in  th e  p o ly tro p h ic  
ovary o f Musca dom estious. He d id  n o t ,  however, f in d  an accum ulation of 
t r a c e r  in  the o o cy tes , and oonoluded th a t  th e  RNA bad a  high tu rn o v er r a te  
and th a t  t h i s  was probably  messenger RNA.
P o llack  A T e lfe r  (1969) # who worked w ith  Ceoropja m oths, s tu d ie d  au to ­
rad io g rap h s of f o l l i c l e s  la b e l le d  w ith  ^ - u r i d i n e .  As in  o th e r  p o ly tro p h ic  
o v a r ie s ,  they found th a t  the  n u t r i t iv e  c e l l s  wore th e  most conspicuous 
source o f oocyte RNA. They d id  o b serv e , however, th a t  in  e a r ly  p r e v i t e l lo -  
gen ic  f o l l i c l e s ,  the germ inal v e s ic le  in co rp o ra ted  % -,u r id in e , w hile  in  
v i te l lo g e n in  and l a t e r  s ta g e s  they  could  d e te c t no germ inal v o s io le  o r  
f o l l i c l e  c e l l  c o n tr ib u tio n  to  oocyte RNA.
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In  the p o ly tro p h ic  o v a rie s  which have been s tu d ie d  th e re  i s  a  
sy n th e s is  of RNA w ith in  the  n u t r i t iv e  c e l l s  and then  a  passage o f th i s  
RNA to  the  oocy tes. What type of RNA i s  th is ?  E le c tro n  m icrographs 
of the n u t r i t iv e  c e l l s  of a  number of in s e o ts  has shown th a t  t h e i r  cy to­
plasm i s  r ic h  in  ribosom es (K ing, I960; Roth A P o r te r ,  1964| King A 
Aggarwal, 1965), and R oth, F r e i l ln g e r  & Deborde ( I 968) have an alysed  the 
RNA produced in  th e  i n t a c t  o v a rie s  of mosquitoes and found th a t  ribosom al 
and t r a n s f e r  RNAs a re  the  predom inant sp e c ie s . More c o n c lu s iv e ly , Hughes A 
Berxy (1970), in v e s t ig a tin g  th e  g ia n t  s i l k  moth, A ntheraea polypfaemus. have 
developed a  method f o r  s e p a ra tin g  and is o la t in g  the th ree  types of c e l l s  
which make up the ov arian  f o l l i c l e .  Using t h i s  te ch n iq u e , they  were ab le  
to  analy se  th e  RNA produced by th e  n u t r i t iv e  c e l l s ,  and have shown tt ia t  
the m ajo rity  of t h i s  was ribosom al.
The degree of involvem ent of the  germ inal v e s ic le  in  RNA sy n th es is  
v a r ie s  w idely in  d i f f e r e n t  in s e o ts .  I n  o rders  w ith  p a n o is tio  o v a r ie s , such 
a s  the O rth o p te ra , o m ltip le  n u c le o l i  have been seen  in  th e  gezwdnal v e s ic le  
(B ie r ,  Kuna A R ib b e r t, 1967; Lima-de-4?'a r i a , N ils so n , Gave, Puga A Jaw orska, 
1968; Kims, 1969) ,  and th e s e , to g e th e r  w ith  conspicuous lampbrush chromo­
somes have been found to  in c o rp o ra te  % -u r id in e  in to  RNA (B ie r ,  Kuns A 
R ib b e rt, 1967)# In d ie d , in  p a n o is tio  o v a r ie s , th e  germ inal v e s ic le  i s  the  
only  documented source of cy top lasm ic RNA.
In  the m ero is tio  o v a rie s  of sev eza l D ip te ran s  and adephagous Goleop- 
t e i a n s , B ie r , Kuns A R ib b e rt (1967) d e te c te d  in o o rp o za tio n  of % -u r id in e  
in to  chromosomal RNA of the  germ inal v e s ic le .  In  these  o a se s , the develop­
ment of lampbrush chromosomes was reduced , and the in t e n s i ty  of la b e l l in g  
was co rrespond ing ly  low , i n  oooqparison w ith  the n u t r i t iv e  c e l l s .
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Although in  the  m ajo rity  of p o ly tro p h io  o v a rie s  s tu d ie d , the  
n u t r i t iv e  c e l l s  a re  the  m ajor souz'oe of RNA f o r  the  o o cy tes , some 
excep tions have been found* The germ inal v e s ic le s  of d y tis o ld  b e e t le s  
have a  body of eztraohromosomal DNA, f i r s t  dem onstrated by G iard ina  (1901). 
U rbani A R usso-C aia (1964) have s tu d ie d  the  sy n th e s is  of n u c le ic  a c id s  in  
the  o v a rie s  of s e v e ra l b e e tle s  and have shown th a t  oooytes and n u t r i t iv e  
c e l l s  b o th  in o o m o ra te  % - u r id in e  in to  RNA, and B ie r , Kuns A R ib b e rt (1967), 
working w ith  P y tis o u s » have dem onstrated th a t  th e  e x tra  DNA in  th e  oooytes 
i s  involved  in  the p ro d u c tio n  of n u c le o la r  RNA. T heir au to rad iog raphs 
in d ic a te  th a t  iirlA from the n u t r i t iv e  c e l l s  and from t*w germ inal v e s ic le  
e n te r s  the  ooplasm. H y b rid isa tio n  ezq>erimsnts (G a ll ,  xiaogregor A K id sto n , 
1969) have shown th a t  th e re  i s  an  a m p lif ic a tio n  of ribosom al DNA i n  the  
ovary , a lthough  t h i s  zDNA does n o t account f o r  a l l  the e x tra  DNA in  the 
ovazy. A s im ila r  s i tu a t io n  has been found in  T ip u la  (L im a-de-Faria  A Moses, 
1966) .
A number of w orkers have in v e s t ig a te d  te lo tro p h io  o v a rie s . B handari A 
Nath ( 1930) looked a t  th e  Red Cottcm Bug, Dysderous a in g u la tu s . and found 
th a t  the oooytes were connected to  the  n u t r i t iv e  c e l l s  by bundles o f f in s  
ro o ts '* , so c a l le d  because o f t h e i r  s t r i a t e d  appearance. In  sp e c u la tin g  a s  
to  the fu n c tio n  of the  co n n ec tio n s , they  suggested  th a t  the n u t r i t iv e  c e l l s  
d is in te g ra te  and t h e i r  c o n ten ts  p ass  along  th e  ro o ts  a s  a  l iq u id .  They 
s in  e out the Golgi elem ents of the n u t r i t iv e  c e l l s  in  p a r t i c u la r ,  and 
p n p o s e  th a t  th e se  flow  down th e  ro o ts  and e n te r  th e  eggs, reap p earin g  in  
the  oooytes in  the form of th ic k  hy&line g e la tin o u s  f i b r e s ,  which sp read  
ou t through the jy toplasm .
S chrader A Leuchtenbezgcr (1952) have looked a t  Aoanthooephala 
b io o lo r ip e s . and Bonhag (1955) a t  Onohopeltus f a s o ia tu s . an o th e r H em ipteran,
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and bo th  desazibed  a  s i tu a t io n  in  wnioh DNA i s  extznided in  g lo b u la r  form 
from th s  d is in te g ra t in g  n u o ls i of th e  n u t r i t iv e  o e l l s .  T his DNA, they 
p rop o se , lo se s  i t s b k a in a b i l i ty  w ith  F eulgen  reag en t and i s  passed in to  
the tro p h io  o o re , and thenoe down th e  n u tr i t iv e  tu b es  to  th e  oooytes.
In  h is  r e p o r t ,  Bonhag (1955) a lso  deso rib ed  f lo w -lik e  p a t te rn s  o f RNA 
ex tend ing  from th e  oytoplasm  around th e  n u t r i t iv e  c e l l  n u o le i ,  and in to  
the tro p h io  oore .
There i s  evidence th e re fo re  th a t  n u t r i t iv e  o e l l s  ocxntribute to  the  
oooytes in  bo th  p o ly tro p h io  and te lo tro p h io  o v a r ie s , and re p o r ts  th a t  th e  
n u t r i t iv e  o e l l s  in  d i f f e r e n t  s^jeoies become p o ly p lo id  (P a in te r  & Re in d o rp , 
1939; B ie r ,  1957)# A ccording to  d o n u lts  (1956), in  D ro so p h ila , the 
n u t r i t iv e  c e l l s  co n ta in  DMA ranging  from the 16C -  1024C amounts. Hsu A 
Hansen (1953) have shown th a t  n u t r i t iv e  c e l l  chromosomes in c rease  in  b read th  
and le n g th , w hile K ing, Kubinscn A Sm ith (1956) a lso  working w ith  D ro so p h ila , 
have re p o rte d  th a t  the  chromosomes o f the n u t r i t iv e  c e l l s  e longate  and 
spread  ou t in  the n u c le i ,  u n t i l ,  in  the  la rg e s t  c e l l s ,  lampbrush loops 
appear to  o r ig in a te  from th e  chromosomal ax es . They su g g es t th a t  a s  the  
Chromosomes e lo n g a te , they  become p o ly te n e , and banded po ly  tens chromosomes 
have been seen  in  the  n u t r i t iv e  c e l l s  o f a d u lts  of 16 sp ec ie s  o f D ip te ra  
( s t a lk e r ,  1954)# B a s ils  ( I 969) has a lso  deso ribed  th i s  phenomenon in  the  
n u t r i t iv e  c e l l s  of Hhynohosoiara angelae  and suggested  th a t  the  change in  
the  morphology of the chromosomes from a c tiv e  cryp topo ly  te  ne to  a  p a r t i a l l y  
condensed s t a t e  ( ty p ic a l ly  p o ly ten e) could  in d ic a te  a  d if fe re n c e  in  the  kind 
fpid q u a n ti ty  of RNA produced a t  th ese  two s ta g e s .
I  decided to  in v e s t ig a te  the te lo tro p h io  ovary , paying s p e c ia l  
a t te n t io n  to  the n a tu re  and fu n c tio n  of th e  n u t r i t iv e  c e l l s  and the 
connections between the nu r i t i v e  o e l l s  and the  oocy tes. I  w ished e s p e c ia l ly
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to  ev a lu a te  the oo& trlbu tion  a t the  d i f f e r e n t  types of o e l l s  w ith in  the  
ovazy, to  the growing oooytes*
D uring the course  of my experim en ts, X d iscovered  th a t  the  n u t r i t iv e  
tubes were packed w ith  cy top lasm ic m ioro tubules. M iorotiA ules have been 
found in  a  wide v a r ie ty  of anim al and p la n t c e l l s ,  s in ce  the in tro d u c tio n  
in  the  e a r ly  1960s o f improved f ix a t iv e s  f o r  e le c tro n  odoroscopy* The 
mass o f m icro tubules w ith in  l im ite d  t r a c t s  in  the te lo tro p h io  ovazy have 
made i t  ideauL f o r  a  s tu d y  of the b io logy  of these  o rganelles*
I  have examined the  s tru c tu re  o f m icro tubules and th e  s p a t i a l  iw la t io n -  
sh ip  o f m iorotubules to  o th e r  cy toplasm ic inc lusions*  I  have looked a t  
th in  sec tio n ed  and n e g a tiv e ly  s ta in e d  prepazrations of o v a rian  t is s u e  and 
compared th e  o b serv a tio n s  from th ese  te ch n iq u es , w ith  In fo rm ation  gained  
from fre e se -e tc h e d  re p l ic a s  of o v a r ie s ,  where the  t is s u e  had not been 
su b jec ted  to  chem ical f ix a tio n *  A f u r th e r  la rg e  s e c tio n  of th i s  work 
concerns a  s tudy  of the  e f f e c t s  o f v a rio u s  a n t i -m ito t ic  tre a tm en ts  on the  
m iorotubules* Such in fo rm atio n  in c re a se s  th e  value of a n t im ito t ic  tre a tm en ts  
as to o ls  f o r  answ ering q u estio n s  about the s t a b i l i t y ,  fu n c tio n , com position , 
assem bly and breakdown o f m iorotubules*
I  have emplpyed a  wide v a r ie ty  o f techn iques and approaches during  ay 
in v e s t ig a t io n s  o f the te lo tro p h io  ovary* A ccordingly , I  decided to  p resen t 
the  m a te r ia ls ,  methods and o b se rv a tio n s , r e l a t in g  to  each tech n iq u e ,  in  the  
approxim ate ch ro n o lo g ica l o rd e r in  which they  were perform ed (S ec tio n s  I ,
I I  A I I I ) .  This i s  fo llow ed  by a  c o -o rd in a te d  d isc u ss io n  of a l l  ay observ­
ations*
tm Q m,
MYKRIALS. A1KTH0D3 A OBSERVATIONS
Notoneota g lauca  g lauoa Linn* were caught in  a  l i r e  pond in  
Tentem uir F o re s t (O .S. map r e f .  No. 473212) and in  the  O orling Pond 
a t  B o a rh il ls  (No. 548134), b o th  in  F i f e , S co tland . Large numbers o f 
a d u lt  N otoneota could  be caugnt in  b o th  ponds in  the  A u tm n , b u t the 
numbers decreased  throughout the W inter, and a d u lts  were r a r e ly  found 
a f t e r  Ju n e . Both th e  T entsm uir and B o a rh il ls  ponds co n ta in ed  a  oonsidez^ 
ab ly  la r g e r  p o p u la tio n  of a q u a tic  H eodpterans and Cole opte ran s  than  
e i th e r  the  can a l o r the  caaty ponds in  L e ic e s te r s h ir e ,  which I  have f is h e d .
The eggs o f N otoneota a re  l a id  in  e a r ly  sp rin g . The f i r s t  na iads emerge 
during  May and June in  S c o tla n d , and develop in to  a d u lt forms by e a r ly  
Autumn.
To ensure a  s tea d y  su p p ly , I  kep t Notoneota a d u l ts  in  th e  Isb o ra to zy  
in  fresh w ate r tanks f o r  up to  th re e  weeks. By keeping pond weed in  the  
ta n k s , and m ain ta in ing  a  food supplj' o f T ub lfex . I  was a b le  to  p reven t 
them p rey ing  on each o th e r .
To remove the o v a r ie s ,  d e o ap lta te d  anim als were p inned , d o rsa l s id e  
Up, in  L ocke's In s e c t  Ringer"* and the t e r g i t e s  removed w ith  w atchm aker's 
fo rc e p s , using  a  C arl Z e is s  S tereom ioroscope. Each ovary s tre tc h e d  the 
len g th  of the abdomen, and c o n s is te d  o f a  te rm in a l f ila m e n t, a  geroarium , 
a  v i te l la r iu m , and a t  th e  p o s te r : o r ,  the seven o v a rio le s  fused  in to  a l a t e r a l  
o v id u c t.
^ L o ck e 's  in s e c t  R inger was used throughout th i s  s tu d y , and c o n s is te d  o f: 
9.00 g NaCl p e r  l i t r e  of d i s t i l l e d  w a ter
0 .42  g KCl
0 .25  g OaClg
0 .20  g NsIiCO^
2.50 g (g lu co se)
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STRUCTURE AIJD TOQTICN OF TELOTmmiO CVAIOSS 
(a )  CYTOCHEMISTRÏ OF OVARIOLES AND NATURE OF NUTHITIVS CELLS.
I  ooamenoQd th i s  & tu ^  by an  exam ination of the cytoohem istzy o f 
the o v a rie s  using  gallooyanine-onrom e alum and FeuXgen s ta in .  
G allooyanine-qhroae alum s e c tio n s :
T his s t a i n  was used , a s  i t  i s  s im p le , reii& ible and s p e c if lo  
under c e r ta in  c o n d itio n s  f o r  n u c le ic  a c id s . I  d is tin g u ish e d  
the RNA fzt>m DMA by comparing p rep a ra tio n s  which had been 
p re iacu b a ted  in  rlb o n u c lease  (RNase), w itn  u n tre a te d  p re p a ra t io n s . 
F rostily  removed o v a rie s  were f ix e d  in  3 : 1 a lco h o l : s o o tio  
a c id  (C la rk e , 1851) f o r  th ree  hours and enbedded in  wax (M .Pt.55*C). 
G eotions 7pn th ic k  were ou t using an M .8.E. ro tazy  sdort>tome 
and uounted on c le a n  s l i d e s .  The wax m.is removed in  :<ylene 
(1h w ith  continuous s t i r r i n g )  and the s e c tio n s  hydzuted through 
an a lco h o l s e r ie s  to  w a ter. S ec tio n s  were s ta in e d  in  g a ] lo -  
qyanine-ohrome alum (G.T. G u rr, London) (p e r  S w if t, 1955) f o r  
48h. They were passed qu ick ly  thz*ough an a lco h o l s e r i e s ,  
dehydrated  in  100^ a lco h o l (2  changes) and mounted in  Canada 
balsam . O ther s e c tio n s  were t r e a te d  w ith  a  s o lu tio n  of RNase 
(O.Rmg/ffil RNase 1 Sigma In  0.01M phosphate b u f f e r  pH 6 .9 ) f o r  2h 
a t  37^G. C on tro l p re p a ra tio n s  were incubated  in  phosphate b u f f e r  
only .
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Peulgen s ta in e d  s e c tio n s :
1 used Feulgeu s t a i n  to  determ ine th e  p re c ise  d is t r ib u t io n  o f 
DMA in  the o v a rie s  of N o toneo ta . w hile baaring  in  mind tim t 
bo th  S chrader a  .d L euohtenberger (1952) and Bonhag (1955) bad 
suggested  th a t  the  n u t r i t iv e  c e l l s  exuded DNA d ro p le ts  which 
became F eu lg en -n eg a tiv c , befo re  being  passed  down the n u t r i t iv e  
tu b es. O varies were f ix e d ,  embedded and sec tio n e d  a s  f o r  g a l lo -  
oyani ne -chrome alum p rép a ra  t l  ons. The wax was removed in  xylene 
and seo tio ris  hydrated  by p ass in g  them through an  a lco h o l s e r ie s  
to  w a te r . The s e c tio n s  were t^ d ro lis e d  in  IN HGl a t  60^C f o r  
10m, and tn e n  s ta in e d  in  Feu lgen  re a g e n t (p e r  S w if t, 1955) f o r
2 h. They were then  washed in  "SO^ w ater’* p e r  Sw ift 1955 f o r  
30m (2 ch an g es), dehydrated  in  an  a lco h o l s e r i e s ,  c le a re d  in  
xylene and mounted in  Canada balsam.
Feulflen s ta in e d  squash p re p a ra t io n s :
O varies were t r a n s fe r re d  to  451^  a c e t ic  a c id  a f t e r  1h f ix a t io n  in
3 t 1 aJ.cohol : a c e t ic  a d d .  The troph io  re g io n s  from s in g le  
o v a rio le s  were removed and p laced  in  a  drop of 45^ a c e t ic  a c id  
on a  s l id e  and squsuihed w ith  v a ry in g  degrees of p ressu re  between 
fo ld ed  f i l t e r  p ap er. Cover g la s s e s  were removed by th e  "dzy ic e"  
method. The s l id e s  were p laced  in  95^ a lco h o l and hydrated  through 
an  a lco h o l s e r ie s .  They were then  h y d ro lised  in  IN HOI a t  60*0 
f o r  10m, r in s e d  in  w ater and s ta in e d  in  Feulgen reag en t f o r  2h.
The prepazrations were r in s e d  in  SO^ w ater f o r  45m, dehydrated in  
a lcoho l, c le a re d  in  ijy^Xene and mounted in  z e i^ s  immsirsion o i l .
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At the  a n te r io r  of eaoh o v a rio le  l e  a  tro p h io  reg io n  approxim ately  
0.7mm long and 0.3mm wide (F ig . 2 ) .  I t  ocm sists of n u t r i t iv e  o e l l s  
a rranged  around a  c e n tr a l  tro p h io  oore (P ig . 3)« The n u o le i o f th ese  
o e l l s  have la rg e  n iu sleo li. About twenty n u t r i t iv e  tubes pass  back 
from the troph io  o o re , around t i g h t ly  packed p r e f o l l io u la r  t i s s u e  and 
developing  oooy tes, and eaoh su p p lie s  one oopyte in  th e  o v a r io le . The 
a n te r io r  oooytes a re  s p b e r io a l ,  bu t the p o s te r io r  oooytes a re  l a r g e r  
and e lo n g a ted , and a re  no lo n g e r su p p lied  by a  tu b e . The oytoplasm  o f 
the tro p h io  oore and the n u t r i t iv e  tubes show *hairw iike* wavy s t r i a t i o n s  
along t h e i r  le n g th  (F ig . 4 ) .
T ransverse s e c tio n s  through o v a rio le s  show th a t  the tubes a re  round o r  
oval in  c ro s s  s e c tio n  and vary  from 5 ~ 20fm  in  w id th . The oooytes and 
n u t r i t iv e  tubes a re  surrounded by f o l l i c l e  t i s s u e .  S ev era l la y e r s  of 
f o l l i c l e  o e l l s  surround the younger u o cy tes , w hile o ld e r  oooytes a re  
enclosed  by a  s in g le  la y e r  of c e l l s .  These f o l l i c l e  o e l l s  a re  b ln u c le a te ,  
and eaoh nucleus has a  la rg e  n u c leo lu s . The ra m ifio a tlo n s  around the 
n u t r i t iv e  c e l l  n u c le i ,  the  tro p h io  o o re , the cytoplasm  of the  n u t r i t iv e  
tubes and the  oocy tes a l l  s ta in e d  s tro n g ly  w ith  gallooyan ine  (F ig . 2 ) .
In  se c tio n s  which had been t r e a te d  w ith  RNase befo re  s ta in in g ,  n o th ing  
s tà ln e d  o th e r  than  n u c le a r  chrom atin .
The Feulgen  p re p a ra tio n s  dem onstrated the g re a t  d iffe re n c e  in  s is e  and 
s t ru c tu re  o f the  tro p h io  n u o le i. At the a n te r io r  t i p  o f the tro p h ic  re g io n , 
th e  n u c le i were approxim ately  5pm in  d iam e te r , w ith  F eu lg en -p o s itiv e  
g ran u le s  around th e i r  p e rip h e ry . F u r th e r  baok, the  n u o le i measured about 
20pm in  d iam eter (F ig . 6 ) .  These la r g e s t  tro p h io  n u o le i have a  la rg e  
F eu lgen-negative  a re a ,  the  n u c le o lu s , bordered by two la rg e  masses of
I 1Fe ulge n -p o si t iv e  m a te r ia l. In  squash p re p a ra tio n s  which have been p ressed  
f i rm ly ,  the  nucleus o c c a s io n a lly  b u rs ts  open and the la rg e  heteroohrom atic
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masses a re  th e oseIves compressed. In  many p re p a ra tio n s  t r e a te d  in  th i s  
way, d i s t in c t  Fe ulge n -p o s itiv e  loops of vary ing  s iz e s  could be seen 
emerging from the h o t 'ro o h ro a a tin  (F ig s . 8 ,9 , 10 & 11).
The trophio  oore and the  n u t r i t iv e  tubes ore Fe ulge n-nega t iv e  ^  (F ig , 5 ) , 
No p a r t  o f the oocyte nucleus was d i s t i n c t ly  F e u lg e n -p o s itiv e , (F ig .? ) .
I t  was o le a r  from th e  Feulgen squashes, th a t  the n u t r i t iv e  c e l l s  
con tained  d i f f e r e n t  amounts of DNA, r a is in g  the q u es tio n  as to  how the 
e x tra  DNA in  the la rg e r  c e l l s  was produced. Was the e x tra  DNA tlio re s ta it 
of s e le c t iv e  a m p lif ic a tio n  of a p a r t i c u la r  p o rtio n  of the  genome, o r væis 
i t  mearely a  consequence of polyploidy?
A high d en sity  in d ic a te s  a  high g u an ine-cy tosine  (O » 0) co n ten t in  a  
DNA sample. rDNA i s  G ♦ C r ic h ,  has a  high buoyant d e n s i ty , and can 
th e re fo re  be s e î^ ra te d  from the rem ainder of th e  chromosomal DNA, wtiioh has 
a r e la t iv e ly  low G ♦ C c o n te n t , by d e n s ity  g rad ien t c e n tr ifu g a tio n  in  
CsGl. By e x p lo itin g  th jis s i tu a t io n  and by employing techn iques of n u c le ic  
a c id  h y b r id is a tio n . G a ll (1968), Brown and Dawid (1966), end Evans and 
E i m s t i e l  ( I 968) were ab le  to  show enrichm ent of zDNA in  the germ inal 
v e s ic le s  of amphibian oooy tes, brought about by a  process of ribosom al 
gene a m p lif ic a tio n  (see  rev iew , Maogregor, 1972).
To in v e s t ig a te  th e  na tu re  of the  e x tra  DNA w ith in  the la rg e  n u t r i t iv e  
c o l l s  of N otoneota. I  decided  to  e x tr a c t  the DNA from n u t r i t iv e  o e l l s ,  and 
to  c e n tr ifu g e  th i s  to  eq u ilib riu m  on CsOl g re id ien ts , to  observe I t s  d e n s ity  
p r o f i l e .
F ra c tio n a tio n  of th e  DNA of n u t r i t iv e  o e l ls  on OsOl g ra d ie n ^ :
O varies were removed from 40  a n i ^ s  and t h e i r  troi>hio rég lo n s  
ou t o ff  and s to re d  in  ?0/ e th an o l. The troph io  t is s u e  was 
g e n tly  ground in  an homogeniser in  ?(^ e th an o l and c en tr ifu g e d
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fo r  20m a t  5,000 r.p .% . in  a  S o rv a ll H B-4 r o to r .  The 
t is s u e  W a resuspended in  2 .0  j1  of s tan d a rd  s a l in e  o i tx a te  
(gSC) (0 .1  XlaCl + 0 . 015^1 sodium o i t r a t e ,  pE 7*0, Manaur,
1961) .  To th i s  tro p h io  t is s u e  e x tr a c t  m s  added 5 0 ^  prunase 
s o lu tio n  @mg/ml pronase) and 0 .2ml of 20>i- sodium la u ry l  
su lp h a te  (SLS). The idxtur*e was incubated  overn igh t a t  37®C.
An equal volume of phenol, s a tu ra te d  w ith  0.1 x OSC, was 
added to  the sample to  p r e c ip i ta te  the p ro te in  and th e  m ixture 
a s  shaken f o r  10m and allcrwed to  s tan d  f o r  an  hour. The 
m ixture was c e n tr ifu g e d  a t  10,000 r .p .a u  f o r  20m In  a  S o rv a il  
H B-4 ro to r .  The aqueous la y e r ,  co n ta in in g  th e  DNA m s  p ip e tte d  
o f f .  DNA was p re c ip i ta te d  by addijig 2g volumes of a b so lu te  
e th an o l. The fibrous p re c ip i ta te  woe c o lle c te d  by c e n tr ifu g a tio n  
a t  10,000 r .p .m . f o r  20m, washed rep ea ted ly  w ith  e th a n o l 
and re d ia so lv e d  in  2ml, 0r1 880. RNase "A" (100^j@/ml in  880) 
and 10f/g RNase "T^^, were added and th e  m ixture was incubated  
f o r  1h a t  37*0. The DMA m s  re p re c ip i ta te d  by adding I/IO  
volume 1M NaOl and 2^ volumes of e # ian o l. The p r e c ip i ta te  was 
c o lle c te d  by c e n tr ifu g in g  a t  10,000 r .p .m . f o r  15m and r# d isso lv ed  
in  1ml 0 .1 X 880.
The o p t ic a l  d e n s i ^  a t  260m^ wavelength o f  the  sample
was read . A s o lu t io n  of 5 0 /^ m l DNA has an O.D. ,  o f 1 .0 . T h is260
sample had an o f 0 .72  and th e re fo re  co n ta in ed  50 x 0 .72  «
36Mg/ml o f DNA.
To check the p u r i ty  of th e  DNA sample, the  o p t ic a l  d e n s i t ie s  a t  
220, 232 and 280m^ were a lso  read . F o r a  pure DNA sam ple, the 
O.D.^gO ®Bould approxim ate to  the 0 # D .^ ^  and t h e i r  value should
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be about h a lf  of th a t  a t  U.D, . .  The O.D. t^hould a o t260 220
be g r e a te r  th a n  th e  O.D. .  These t e s t s  showed th a t  th e260
DNiV sample was aatisi'aotoxy*
The DIU. s o lu t io n  was mixed w ith  s a tu ra te d  ( 2 5 ^ )  o p t ic a l  
g rade CsCl (harshaw Ohemloal In c . ) in  the p ro p o rtio n s  
6«42Cg CaCl + 1.000g of DliA ♦ 0 .1 65g of 0.1 x 880. These
—3p ro p o rtio n s  were seXeoteu to  g iv e  a  mean d e n s ity  o f 1.678  cm ,
The mixture w s  p laced  in  a  10ml propylene tube and c e n t r i ­
fugea a t  41,500 r .p .m . a t  15®G f o r  22h in  a n  M.3.B. 10 x 10ml 
angle r o to r .
The sample was removed from th s  c e n tr i fu g e ,  the  bottom of the 
tube p ie ro ed  and *12 drop» f ia o t io n a  c o lle c te d , 0 .1  x  880
were added to  each and the ^•^*260  ^  •»oh frao tic m  m s  measured.
As can be seen  f r o a  F ig . 12 the DILI from the tro p h io  n u o le i foxmnd 
a  s in g le  band when cen tr ifu g e d  to  eq u ilib riu m  in  CsCl. There was no
evidence of a  sep a ra te  band of DIT A of high d e n s ity , as found wtien the
ribosom al DNA was s e le c t iv e ly  am p lified  in  amphibian oocy tes. I t  seemed 
most l ik e ly  th e re fo re , th a t  the v a r ia t io n  in  the amounts o f DNa in  the  n u c le i 
o f the n u t r i t iv e  o e l l s  was a  consequence o f po lyp lo idy .
rlicrosooo trop hot ome tn»^  of Feulgen at&4 ned squash pre-paratjons of 
nutritive o e lls .
The degree of p lo id y  vas e stim ated  by measuring th e  Feulgen dye
co n ten t of n u o le i in  squash p re p a ra tio n s . T his was done using  a
V ickers MB5 I n te g ra t in g  M lorodensitomotei". This instrum ent scans 
an a r e a ,  the shape and s iz e  of which can be e a s i ly  a d ju s te d . The 
w avelength chosen was n ea r to  the maximum absorbance of Feulgen
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• t a in ,  and aaaks Of the a p p ro p ria te  s iz e s  were manoeuvred 
around s e le c te d  n u o le i. The Feulgen dye c o n te n t of a l l  s iz e s  
o f n u o le i was measured and compared w ith  tn e  measurements of 
the d ip lo id  n u c le i o f o v a rio le  snoath  c e l l s .  A num erical 
value f o r  eaoh nucleus was ob ta ined .
In  a d d itio n  to  m easuring th e  degrees o f ploid|y of the 
n u tr i t iv e  o e l l s ,  I  decided  to  measure the Feulgen dye c o n te n t 
o f the la r g e s t  tro p h io  n u c le i and th a t  of the two d i s t in c t  
Fe 'Ig e a -p o a itiv e  nasses w ith in  these  n u o le i. In  th i s  way, 
i t  \ms p o ss ib le  to  e stim ate  what p ro p o rtio n  of the  DÎU of 
those o e l l s  was p re sen t as heteioohrom atln . I  thought th a t  
th i s  in fo rm ation  roight help  in  understanding th e  natu re  and 
fu n c tio n  of t h i s  heteroohrom atio  >NA
The Feulgen dye co n ten t of th e  d i f f e r e n t  s iz e s  o f n u o le i measured 
are  shown in  Table 1 . measurements were made on s in g le  n u c le i w ith in  th e  
tro p h io  re g io n , u n t i l  8 n u c le i from eaoh c la s s  had been measured. C alcu l­
a t io n  of the mean Feulgen dye c o n ten t o f 8 n u c le i from eaoh c la s s  showed 
th a t  t h i s  value approxim ately  doubled from one c la s s  to  the n e x t, and th a t  
the la rg e s t  nuo le i con ta in ed  approxim ately  I 40 tim es as much DPÎA a s  the 
sm a lle s t c e l l s  -  which I  have judged to  be d ip lo id .
The p ro p o rtio n  of DNA p re se n t in  the two he teroohrom atic  masses w ith in  
a  p a r t ic u la r  n u t r i t iv e  c e l l  was e s tim a te d  by m easuring the  Feulgen d e 
co n ten t of the two m asses, summing them, and then  ex p re ss in g  tn is  a s  a  
percen tage  of the  to ta l  Feulgen dye co n ten t of th a t  c e l l .  As can be seen  
by Table 2 , the h e te ro o h ro a a tio  im ssfs rep re sen ted  approxim ately  8.0?' of 
the  t o t a l  DNA. These e s tim a tio n s  were only  c a r r ie d  out on the la rg e s t  
n u c le i ,  because of the l im i ta t io n s  of th e  tech n iq u e , ezid a lthough  the
r
r — 16 —
p ro p o r tio n  of ho te ro o h ro o a tln  to  t o t a l  DNA appears to  be ty p ic a l  fo r  
o e l l s  a t  th i s  p a r t ic u la r  s tag e  o f p lo id y , from exam ination o f th e  Feulgen 
s ta in e d  squasn p re p a ra t io n s , I  c o n s id e r i t  l ik e ly  th a t  t h i s  p ro p o rtio n  
v a r ie s  from s tag e  to  stage# Indeed , heterochro taatio  masses a re  not 
d isce rn ab le  in  the sm a lle s t nuclei#
idiUM
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Tabl# 2
Table of l^eulgen dye co n ten t o f tro p h lo  n u o le l and tne  beterooArom atlo 
blob* w ith in  theae nuclei*  The percen tage of he teroohrom atin  to  t o t a l  
baa been e a t la a te d  from th eae  re su lt* *  (The f ig u re *  a re  a r b i t r a r y  
un it* )*
Fehlgen  dye oon~ 
te n t  o f nuoleu*
A
F eulgen  dye c o n te n t of two hetero-> 
c h ru a a tlo  maeae*
6
Percentage o f 
Feulgen dye In  
h e te ro o h ro o a tln
J L t-S  % to o  
A
12.11 0 .3 5 0 .60 a.2^r
15.11 0 .6 5 0.61 9 .6
15.86 0 .4 5 0.69 7 .2
15.26 0 .52 0 .5 9 8 .4
14.02 0 .4 8 0 .5 4 9.1
I
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b) SÏNIHKSIS AND MOmBNT CM KHA w m iN  0VAHI01£S AND LOCATION OF THB 
aiBOSOMAL GKNB3 IN TH& NUTRITIVS CSIXd.
Aa o lte d  in  ay In tro d u c tio n , a  number o f au th o rs  have sp ecu la ted  on, 
and in  some cases a c tu a l ly  dem onstrated , the  passage o f n u c le ic  a c id s  
from th e  n u tr i t iv e  c e l l s  to  the oocy tes. My Feulgen p re p a ra tio n s  do no t 
show any d e te c ta b le  DNA in  th e  n u t r i t iv e  tubes o f N otonecta . and I  th in k  
i t  u n lik e ly  th a t  DNA p asse s  from th e  n u t r i t iv e  c e l l s  to  the  oooytes in  a  
F eu lgen-negative  form , as  has been suggested  (ao h rad er & Leuohtenbexger, 
1952) .  There a re  r e p o r ts ,  bo th  on tb s  b a s is  of s ta in in g  w ith  azure  B 
(K ing, 1964) and au to rad iography  ( d i r l l n  & Jaoob , I 96O; B ie r ,  I 965;
P o lla c k  A T e lfe r ,  I 969) th a t  RNa p asses  from the n u t r i t iv e  c e l l s  to  the 
oocytes -  a t  l e a s t  in  poly  tro p h ic  o v a rie s . There i s  a ls o  evidence I'rom 
e le c tro n  microscopy (K ing, I 96O; Roth & P o r te r ,  I 964; King A A ggareal,
1963) and HNA a n a ly s is  (R oth , F r e i l in g e r  A Deborde, 1968} th a t  the  m a jo rity  
of th e  RNA i s  ribosom al. I t  i s  c e r ta in ly  tru e  th a t  oocytes in  general 
s to re  ribosomes d u ring  oogenesis (Brown, I 964) .
What i s  the s i tu a t io n  in  th e  te lo tro p h lc  ovazy of N otonecta? My 
experim ents have shown th a t tne n u t r i t iv e  c e l l s  become p o ly p lo id , a s  do 
those o f many o th e r  in s e c ts  (P a in te r  A R eindorp, 1959$ S c h u ltz , 1936;
B ie r ,  1937) and they  have a  la rg e  nuc leo lu s  bounded by two d i s t in o t  
he terochrom atic  b lo b s . In  a d d i t io n ,  th e  a re a  around the n u t r i t iv e  c e l l s ,  
th e  tro p h ic  c o re , the  n u t r i t iv e  tu b e s , and th e  cytoplasm  of the  oocytes 
were a l l  s tro n g ly  b a so p h il ic .
F or th ese  rea so n s  I  supposed th a t  the n u tr i t iv e  c e l l s  in  the  te lo tro p h lc  
ovary sy n th es ise  RNA, probably  ribosom al, which then  p asses to  the oo cy tes .
To in v e s t ig a te  th i s  h ypo thesis  I  decided  to :
a ) examine by au to rad iog raphy  the sy n th e s is  and movement of RNA w ith in  the  
ovazy.
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b) determ ine the  p o s it io n  o f th e  r ib o so o a l genes w ith in  th e  n u t r i t iv e  
o e l l s ,  by in  s i t u  oytologioaX  h y b r id is a tio n , to  see w hether th e re  i s  
any th ing  p e c u l ia r  about th e  arrangem ent of zCNa in  th ese  n u c le i .
c ) look f o r  s t ru c tu re s  invo lved  w ith  movement of RM in  o v a r io le s ,  by 
means o f e le c tro n  m icroscopy.
F i r s t  I  examined the in c o rp o ra tio n  o f ^ « u r id in e  in to  th e  n u t r i t iv e  
c e l l s ,  oocytes and f o l l i c l e  c e l l s .  I  a ls o  looked f o r  movement of RKA 
w ith in  th e  ov a r io le ,  because o f my su p p o sitio n  th a t  RNA passes from the 
tro p h io  reg io n  to  the oocytes down the  n u t r i t iv e  tu b es . To reco rd  the 
movement of la b e l le d  RNA i t  was necossazy to  look a t  o v a rio le s  which had 
been  exposed to  ^ - u r i d i n e  f o r  d i f f e r e n t  leng ths o f tim e.
AutoradioMraohv a f t e r  in c o rp o ra tio n  of ^H -u rid in e>
Female N otonecta were in je c te d  through the  a r th ro d ia l  membrai* 
between th e  two p o s te r io r  s t e r n i t e s  w ith  ^  ( ^ i )  of u r id in e  
la b e l le d  w ith  t r i t iu m  (Nridine«>T(a} s p e c if ic  a o # t i% r  1 .2  Oi/mM) 
ob ta ined  from the  Radiochem ioal C en tre , Amezwham. The o v a rie s  
were removed a t  in te r v a ls  o f 2h, 8h , 12h, 24h and 5w a f t e r  in je c t io n  
and f ix e d  f o r  24h in  d a n fe lio e* s  f ix a t iv e  (D arlin g to n  & La Cour, 
1942) .  They were th e n  washed in  running  tap w a te r  f o r  24h and 
dehydrated through an a lc o h o l s e r ie s .  The o v a rie s  were tra n s ­
fe r re d  to  a  m ixture of equal p a r ts  ab so lu te  a lco h o l and m ethacry­
l a t e  f o r  2h. They were th en  pu t in to  f i l t e r e d ,  degassed , metha- 
c z y la te  m ixture fo r  2h and m ethacry late  p lu s  c a ta ly s t  f o r  18b.
The o v a rie s  were su rfa ce  embedded using  a  technique f i r s t  
d esc rib ed  by G a ll (1936). S in g le  o v a rie s  were p laced  on s l id e s  
and g e la t in  c a p su le s , 2/3  f u l l  of syrupy fuw -polym erised metha­
c ry la te  , were in v e r te d  over each. The s l i d e s  were then  p laced  
in  an  oven a t  70*0 f o r  4h , whereupon the  oven was sw itched o f f  
to  a llo w  the  m ethacry late  to  co o l slow ly.
•  21 •»
The blocks wsre snapped o f f  the s l i d e s ,  tr iim ed  and l^m 
lo n g itu d in a l and tra n sv e rse  s e c tio n s  were c u t w ith  g la s s  
knives on a  Caobridge U ltram iorotom e Mk I I  and a  P o r te r  
Blum microtome, and mounted on s lid es#
The m ethacry late  was removed from th e  s e c tio n s  by p lac ing  
the  s l id e s  in  a s y l  a c e ta te  w ith  co n stan t a g i ta t io n  f o r  2h.
They were th en  hydra ted  th rough  an a lco h o l s e r ie s  to  w ater.
The p re p a ra tio n s  were p laced  in  TCA a t  4*0 f o r  5m, r in se d  
in  w a te r and dehydrated through an a lco h o l s e r ie s  befo re  b e i%  
a i r  d r ie d  from ace to n e . They were th en  coated  a t  45*0 w ith  
Kodak NTB 2 l iq u id  em ulsion, d i l u t e ! I l l  w ith  w a te r , p laced  
in  l i g h t  t ig h t  boxes, and l e f t  to  expose f o r  p e rio d s  o f 
20 -  40 days a t  18*C. The p re p a ra tio n s  were developed in  
Kodak D 19b developer f o r  3« a t  18*0, r in se d  in  d i s t i l l e d  
m t e r ,  f ix e d  in  Kodak M etafix  f o r  5m, washed and a i r  d r ie d . The 
se c tio n s  were s ta in e d  f o r  1 -  2m in  a . 0 .5 ^  s o lu tio n  of methylene 
b lue  (G.T. G urr, London) in  (e/w ) sodium te tr a b o ra te  (b o rax ). 
They were r in s e d  in  d i s t i l l e d  w a te r , passed  ra p id ly  through an 
a lco h o l s e r ie s  to  a b so lu te  a lc o h o l , c le a re d  in  x y len e , and 
mounted in  Canada balsam .
In  the two hour p re p a ra t io n s , only the  n u c le o li  o f the n u t r i t iv e  
c e l l s  were la b e l le d . I n  8h p re p a ra t io n s , n u c le i and cytoplasm  of the 
n u t r i t iv e  o e l l s  were la b e l le d .  The tro p h ic  co re  and the f r o n t  ends o f 
the  tubes were l a b e l le d ,  bu t f u r th e r  b ack , the tubes were u n la b e lled .
The tro p h ic  reg ion  o f the 12h and 24h p re p a ra tio n s  were heav ily  
la b e l le d  (P ig . 15 ) and th e  n u t r i t iv e  tu b es  were la b e l le d  throughout t h e i r  
len g th s  (P ig . 14  )•  The in te n s i ty  o f la b e l l in g  over the tu b e s , however.
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decreased  p ro g re ss iv e ly  tow ards the p o s te r io r  ends of th e  o v a r io le s .
The cytoplasm  of the oooytes was la b e l le d  above baokgrotmd. The 
s i tu a t io n  was rev e rsed  in  th e  th ree  week p re p a ra t io n s , in  th a t  the 
cytoplasm  of th e  oooytes was alm ost twice as heav ily  la b e l le d  a s  any p a r t  
of the tro p h ic  reg io n  o r  n u t r i t iv e  tu b es. The oocyte n u c le i  were 
s ca rc e ly  la b e l le d  in  any of th e  p re p a ra tio n s  (P ig s .‘l3 ,14,15). The 
f o l l i c l e  c e l l s  were la b e l le d  in  a l l  p re p a ra tio n s .
The movement of la b e l le d  SNA from the tro p h ic  core down the
n u t r i t iv e  tubes was m onitored by g ra in  counting  of the 2h , 8h, I2 h , 24h
and 3w p re p a ra tio n s . L o n g itu d in a l s e c tio n s  wsiw tak en , and th e  number
2of g ra in s  in s id e  a  I^O^m g r id  were counted above th e  m iddle and hindmost 
reg io n s  o f the  tro p h ic  co re  and  above reg io n s  down the n u t r i t iv e  tubes 
a longside  th e  1 s t ,  2nd, 3 rd , 4 th ,  e t c . ,  f o l l i c l e s  and a ls o  above th e  
cytoplasm  o f th e  seven th  f o l l i c l e .  These coun ts a re  g iv en  in  Table 3 and 
in  h istogram  form in  Fig# 17.
The g ra in  coun ts a t  d i f f e r e n t  tim es o f exposure to  ^H -u rid ln e , can 
be b e s t  exp lained  by th e  s y n th e s is  o f RNA w ith in  the n u t r i t iv e  c e l l s ,  the  
passage o f RNA in to  the  tro p h io  c o re , down the  n u t r i t iv e  tubes to  the 
o o cy tes , and s to rag e  w ith in  th e  oooy tes. The germ inal v e s ic le  sy n th es ised  
l i t t l e  o r  no RNA during  th i s  s tag e  in  oogenesis , wM le on th e  o th e r  iiand, 
the  f o l l i c l e  o e l l s  were a c tiv e  in  the  sy n th e s is  o f RNA.
In  au to rad iog raphs of tra n sv e rse  s e c tio n s  through o v a r io le s ,  which 
had been  exposed to  ^ - u r i d i n e  f o r  12h o r  more, most o f tne n u t r i t iv e  
tubes were la b e l le d ,  a lthough  a  few were q u ite  u n lab e lled  (P ig . 1 5 ) .
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Table 3
Number of s i l v e r  g ra in s  over an  a re a  o f in  tmo re g io n s  o f  th e
tro p h io  o o re , reg ions of n u t r i t iv e  tubes a longside  suooessive f o l l i c l e s  
and o y to p lasn  of the 7 th  f o l l i o l e ,  in  p re p a ra tio n s  f ix e d  a t  d i f f e r e n t  
tim es a f t e r  ^ « •u rid in e  in je c tio n #  (iSaoh number I s  th e  mean of fo u r  
o o u n ts , each oount being made over a  d i f f e r e n t  a re a ) .  The number *0* 
in d ic a te s  th a t  the g ra in  oount was n o t s ig n if io a n t ly  above background#
Trophio
oore
F ix a tio n
time L abel above n u t r i t iv e  tubes op p osite  f o U io le s
F ron t Rear









Tb# q u estio n  a ro se  as to  whether the  n u tr i t iv e  o e l l s  a re  th e  so le  
source o f ENA f o r  the  oooytes. S inoe iqy au to rad iog raphs showed th a t  
th e re  was no aooum ulation of la b e l le d  ENA around the  p e rip h e ry  o f the  
oooytes* and s in ce  h eav ily  la b e l le d  f o l l i o l e  o e l l s  oould be seen 
surrounding  u n la b e lled  oooytes and n u t r i t iv e  tubes (P ig . 16) * I  oonoXude 
th a t  ENA does not e n te r  e i th e r  the  oooytes o r  th e  n u t r i t iv e  tubes from 
the f o l l i o l e  o e l l s .  Therefore* the ENA whioh aooumulates in  the  oocytes 
during  oogenesis must oome ex c lu s iv e ly  from the  tro p h io  reg io n  o f th e  
ovario le#
Since th e re  i s  a  sy n th e s is  and tra n s p o r t  of RNA* probab ly  ribosom al*
from the  trop h io  reg io n  to  the oooytes* I  decided to  lo c a te  the  p o s i t io n
o f the  rib o so o a l genes w ith in  the n u t r i t iv e  o e l l s  and see  w hether they
a re  a sso c ia te d  w ith  the  la rg e  nucleolus*  whioh i s  a  conspicuous fe a tu re
c f  these  p o ly p lo id  o e l l s .  T h is can be ach ieved  by s i t u  o y to lo g io a l
h y b rid isa tio n * *  a  technique developed by G a ll and Fardue ( 1 ^ 9 )  whioh was
in  use in  the cy to logy  lab o ra to x y  a t  L e io e s te r  a t  the tim e of my stu d y .
Using th i s  technique* sp e o if io  n u c leo tid e  sequences can be lo c a ted  w ith in
3o y to lo g io a l p re p a ra tio n s  by ann ea lin g  H -la b e lled  RNA o r  DNA to  denatured  
complementary DNA in  q y to lo g io a l p re p a ra t io n s . The s i t e s  of h y b r id isa tio n  
a re  th e n  d e tec te d  by au to rad iography .
The ENA used in  th i s  experim ent was a  h igh ly  ra d io a c tiv e  ENA comple­
mentary to  p u r if ie d  ribosom al DNA e x tra c te d  from o v a rie s  o f Xenopus a  few 
weeks p a s t metamorphosis. The oomplementary RNA was p repared  by v i t r o  
t r a n s c r ip t io n  a s  d esc rib ed  by Fardue* G erbl* Eokhardt and G a ll (1970) and 
wsis k in d ly  g iv en  to  me by D r. J .G . G a ll (Tale U n iversity*  U .S .A .).
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In  s i tu  oytolOid>oal hybric llaa tiom
S ing le  tro p h io  re g io n s  were o u t from o v a rio le s  and p laced  in  
3t1 ab so lu te  ethanol* g la o ia l  a o e tio  aoicU Kaon was then  
tra n e fe rre d *  w ith  extreme care* to  of 45^ a o e tio  a o id  on 
a  s i l io o n is e d  cover s lip *  Care was taicen n o t to  t r a n s f e r  too  
much 3>1 f ix a t iv e .  C o v erslip s  were th en  In v e rte d  over 'subbed* 
g la s s  Qdorosoope s l id e s  and squashed w ith  vary ing  degrees of 
p re s su re . The cover s l i p s  were removed by th e  *d ry - io e * method 
and the s l id e  plunged in to  93^ 6 e thanol*  removed, and th en  
allow ed to  d ry . B asic  p ro te in s  were removed from  the p re p a ra tio n  
by p la c in g  the  e l id e  in  0*2 N QCl a t  room tem peratu re  fo r  30m* 
washing i t  p r io r  to  d ry ing  the  s l id e  in  a i r .  The endogenous 
RNA. was removed by p la c in g  th e  s l id e  in  a  so lu tio n  o f RNase a t  
37^0 f o r  1h ( th e  RNase s o lu t io n  con tained  iOOftg/wl of RNase in  
2 % 330). P re p a ra tio n s  were r in se d  tw ice w ith  2 x S30, passed  
through TDK and 9 ^  e th an o l and d rie d  in  a i r .  P rep a ra tio n s  were 
then  denatu red  in  both a o id  and a lk a l i .  For a l k a l i  d énatu ra tion*  
s l id e s  were placed in to  0.07N NaŒI a t  room tem perature f o r  2m* 
and f o r  a o id  d e ia tu ra t io n *  in to  1N HCl f o r  2m. A f te r  de s a tu ra t io n  
the s l id e s  were tra n s fe r re d  to  70/i e th an o l f o r  10m w ith  a t  l e a s t  
two changes. T his was fo llow ed  by r in s in g  i n  2 -  3 changes of 95^ 
e th an o l f o r  10m befo re  a i r  d ry in g . For the fo rm ation  of the 
hybrid* 5 0 ^  o f the Xenoous ribosom al oumplement-3H ( s p e c if ic  
a c t i v i t y  approx. 10®dpey^) was p ip e tte d  onto  the squashed tis su e *  
whioh was then  covered w ith  a  oo v ers lip *  and the  s l id e  p laced  in to  
a  m oist chamber c o n ta in in g  2 x  SBC to  remove the o o verslip*  washed 
in  the same s o lu t io n  and then  p laced  in to  RNase so lu tio n  (20/4g/ml in  
2 X SBC) f o r  1h a t  37®0.
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The e l id e 8 were coated  w ith  l iq u id  emuleioa* allow ed to  
expose f o r  période o f 10 -  20 days* developed and then 
s ta in e d  w ith  Gieaisa* and perm anently mounted in  K uparsl.
S i lv e r  g ra in s  were evenly  s c a tte re d  over th e  n u c le i of tne n u t r i t iv e  
o e lls*  z’eg ard lesa  o f t h e i r  s iz e  (F ig .  ^ 18 }* and were n o t s p e o i l lo a l ly  
a s so c ia te d  w ith  the heterochrom atin  o r the nuo leo li*
o) AN BLBCCam MiaaOSOOJffi STUDÏ of THB fink  STivUCTOHE (J* OVitRXüLBS,
Because f  the movement of RNA from the tru p h io  reg io n  down the 
n u t r i t iv e  tubes to  the  oooytes* I  looked  a t  th e  u l t r a s t ru o tu r e  of these  
t r a c t s  and a ls o  a t  the  tro p h io  oore#
E le c tro n  ajoruaoope:
For e le c tro n  miorosoopy* s in g le  o v a rio le s  were f r e s h ly  excised  
in to  a  5^ s o lu tio n  o f g lu ta ra ld eh y d e  in  0.06&1 ph< sphate  b u f f e r  
a t  pH 7»3 and 18^0# A f te r  15» in  g lu tara ldehyde*  the o v a rio le s  
were washed b r i e f ly  in  phosphate b u f f e r  and tra n s fe r re d  to  
osmiumtBtroxide b u ffe re d  to  pH 7*3 w ith  vezonal a c e ta te  
(Palade* 1952). The o v a rio le s  were then  dehydrated  in  acetone 
and embedded in  V estopal W. O ther o v a rio le s  were dehydrated 
in  e th a n o l, plaoed in  propylene oxide and thence in to  a r a ld l t e .  
The o ra ld i te  was polym erised in  th re e  s tag e s ; 12b a t  30*0,
12h a t  45*0 and 12h a t  60®C. S i lv e r  to  g rey  seo tio n s  were o u t 
w ith  g la s s  knives on a  Cambridge ultram iorotom a Mk I  & I I  
(A .F. Huxley p a tte rn )  * mounted on Athene 483 g r id s  w ithout 
supporting  f ilm s  and doubly s ta in e d  w ith  u ran y l a c e ta te  f o r  5m
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and le a d  c i t r a t e  f o r  2m (Reynolds* I 963) .  With th e  se c tio n s  
eobedded in  a r | l d i t e *  th e  le n g th  of s ta in in g  tim e w ith  u rany l 
a o e ta te  was in c re ase d  to  1h. A ll  the  s ta in in g  solutlcsxs 
were f i l t e r e d  through a  M iU ipore  f i l t e r  (0 . 45^  pore s is e )  
im m ediately be fo re  use* S ec tio n s  were examined w ith  a  
Siemens Blmiskop 1 and an A*S*X* BN 802 e le c tro n  microscope 
a t  negative  m ag n ifica tio n s  between 4*000 and 6 0 *000*
The e le c tro n  microscope shows th ey tro p h ic  reg io n  of th e  o v a rio le  i s  
sy n c y tia l  (Fig* 19 ). T rophic n u c le i  1 5 ^  wide have a  la ig e  n u c leo lus 
which alm ost f i l l s  the  n u c leu s . Amongst th e  n u c le i a re  s c a t te re d  
membranes auid th e  cytoplasm  around the  tro p h io  n u c le i i s  r i c h  in  m ito - 
ch cn d ria  and packed w ith  p a r t ic le s *  which on the b a s is  o f t h e i r  s iz e  aind 
g e n e ra l appearance in  e le c tro n  micrographs* 1 have assumed to  be cy to­
p lasm ic ribosom es. Amongst the  ribosom es a re  randomly o rie n te d  m ioro tubules. 
The tro p h ic  core i s  packed w ith  a  dense m ixture of ribosomes and mioro­
tu b u le s  (Fig* 2 0 ), The m ioro tubules in  the  oore a re  p a r a l l e l  and so 
numerous th a t  they  g ive  the  core  a  s tre a k y  appearance a long  i t s  length*  
and where tro p h io  n u c le i impose on the edge of the core* m ioro tubules form 
flow  p a t te rn s  around these  (F ig . 20)»
The n u t r i t iv e  tu b es  a re  f i l l e d  w ith  an ex tensive  eye tern of p a r a l l e l  
m iorotubules whioh a re  in te rs p e r s e d  w ith  ribosomes (F ig s . 22* 23* 24).
The d e n s i^ ' o f packing of m ioro tubules appears roughly c o n sta n t along 
th e  len g th  of a  n u t r i t iv e  tu b e . There does n o t seem to  be a  
d i s t i n c t  p a t te rn  of m iorotubules o r  ribosomes in  th e  n u t r i t iv e  tu b es .
However* in  lo n g itu d in a l s e c tio n s  where th e re  a re  c lo se  a lignm ents 
o f m iorotubules* the  oytoplamn between them i s  r e l a t iv e ly  f r e e  from 
ribosomes* and ribosom es a re  c lu s te r e d  between groups of m iorotubules*
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I  have e s tim ated  th a t*  in  a  tra n sv e rse  s e c tio n  o f a  n u t r i t iv e  tube 
13^  wide* th e re  a re  approxim ately  30*000 m iorotubules. I n  tra n sv e rse  
se c tio n s*  micro tu b u le s  appear a s  dark  s ta in in g  c i r c l e s ,  w ith  an o u ts id e  
d iam eter of 20nm and a  l i g h t e r  c en tre  (F ig . 23 ). iiround in d iv id u a l 
m iorotubules* f o r  a  d is tan ce  o f 30nm* th e re  i s  an  e leo tron-opaque zone 
from which ribosom es a re  excluded (F ig . 23 ). In  lo n g itu d in a l sec tio n s*  
le n g th s  of m iorotubules o f up to  2 ^  can be  seen. I n  lo n g itu d in a l 
sec tio n s*  where th e re  i s  an inpush ing  o f th e  w a il of the n u t r i t iv e  tid ies 
(F ig . 22) th e re  i s  an  absence of m ioro tubules on e i th e r  s id e  of the 
inpushing* and a  c lo se  packing o f tu b u le s  a t  i t s  apex.
The cytoplasm  of the  oocytes i s  packed w ith  ribosom es w ith  a  few 
s c a t te r e d  m iorotubules (F ig . 26 ). The fo ld ed  membrane o f the  oooytes 
i n te r d ig l t a t e s  w ith  those of the surrounding  f o l l i c l e  c e l l s  (F ig . 2 7 ),
Where ^ liorotubules a re  found in  p a r a l l e l  masses* th e  ag g reg a tio n  i s  
in v a r ia b ly  b iré f r in g e n t  when examined between cro ssed  p o la ro id s  (see  In o téd  
B ajer* 1961 ) .  I  th e re fo re  examined o v a rio le s  in  p o la r is e d  l i g h t .
Exam ination o f o v a rio le s  in  p o la r is e d  l i g h t :
O varies were removed and p laced  in  R inger s o lu tio n . S ing le  
o v a rio le s  were d is s e c te d  ou t c a re fu lly *  and fre e d  from as  
much t r a c t i ia l  t is s u e  a s  p o s s ib le . They Wei's th en  mounted in  
o lean  R inger s o lu tio n  on a  s l i d e .  I  found i t  io^portant to  
handle the o v a rio le s  by p ip e tte *  and as g e n tly  a s  possib le*  
since  o a re le s s  d is s e c t io n  w ith  fo rceps tended to  s t r e tc h  and 
d isp la ce  the n u t r i t iv e  tu b es. The o v a rio le s  were then  examined 
between c ro sse d  p o la ro id s  f i t t e d  to  a  C arl % eiss photomicroscope 
FOL.
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The tro p h io  core showed s tro n g  h ire rrin g en o e*  w ith  f a in t e r  
b ir é f r in g e n t  ex ten s io n s  between the tro p h io  n u o le i (F ig s . 28* 29).
The n u t r i t iv e  tubes* le ad in g  baokm rds from the oore* were a lso  
s tro n g ly  b i r é f r in g e n t .  They passed  in  a  b aske t fa sh io n  around the 
p r e f o l l i o u la r  reg io n  (F ig . 3 0 ) , and fo llow ed a  s p i r a l  course  backwards 
around and a long the o v a r io le . The tubes beoame p ro g re s s iv e ly  few er 
in  number towards the r e a r  (F ig s . 31 ,32) * a s  one would expect from th e  
one tube/one oocyte r e la t io n s h ip .
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T his s e c tio n  of ny etudy  i s  concerned w ith  an  in v e s t ig a t io n  of th e  
morphology of the  massive system  of m iorotubules w ith in  te lo tro p h lc  
o v a rio le s*  and a  s e r ie s  of experim ents to  determ ine th e  a c tio n  o f v a rio u s  
a n t im i to t ic  tre a tm en ts  on cytoplasm ic m ioro tubules. The te lo tro p h lc  
ovazy has proved to  be e x c e lle n t f o r  th e  study of m io ro tubu les, f o r  
many reaso n s. F ir s t*  because of the q u a n tity  of u ic ro tu b u le s  -  to e re  a re  
approxim ately  6000*000 in  the n u t r i t iv e  tubes of each ovario le*  Secondly* 
th e  m icro tubules in  the n u t r i t iv e  tu b es  have a  d i s t i n c t  o r ie n ta tio n *  and 
a re  a s so c ia te d  w ith  th e  movement of ribosomes w ith in  the ovary over 
d is ta n c e s  of up to  1mm. T hirdly* whole n u t r i t iv e  tu b es  c an  be is o la te d  
from o v a rio le s .
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a ) A NBGATIVB STAIN AiO FRKSgMTOH KXAi i^lKATiai OP THE MICR0frUBDLE3 IN 
NUTRITIVE TUBES; A SEARCH FOR CONNECTIONS BETWEEN HICROTUKJIiîS AND 
RIBOSOMES.
There a re  Tnaqy re p o r te  o f odcrotabuXee ooourrlpg in  reg io n s  of 
o y to p la so ic  flow  (P o r te r  & T iln e y , 1965; B ikle* T ilney  & P o rte r*  I 966;
Sabnis A Jacobs* 196?; Holmes A Choppin* I 96Ô; S jostrand*  P r is e  11 A 
H asselg ren , 1970; Maogregor A S teb b ln g s , 1970). In  te lo tro p h lc  o ta r ie s*
RNA passes  down the  n u t r i t iv e  tubes in  th e  form of ribosom es * along 
channels packed w ith  m ioro tubules. The g e n e ra l ocourrenoe o f m icro- 
tu b u le s  in  reg io n s  of cytoplusodo ;aovoaent suggests  th a t  t h e i r  presence 
i s  no t merely a  oolnoidenoe* and th e re  i s  much debate as  to  w hether the 
m ioro tubules oauae . o r  sim ply f a c i l i t a t e  t h i s  movement (See d is c u s s io n ) .
I  have used the  techn iques of negative  s ta in in g  and fre e z e  e tch in g  
ho examine the  m io ro tubu lar system  of the  n u t r i t iv e  tubes in  an a t te n ^ t  
to  ansT#r a  nuobor o f s p e c i f ic  questions*  which cou ld  provide c lu e s  a s  to  
the  fu n c tio n  o f th ese  o rg a n e lle s .
1) Are micro tubules*  a s  seen  in  f ix e d  and sec tio n ed  m ate ria l*  p re sen t in  the 
l iv in g  c e l l?
2) Are th e re  any connections between th e  m iorotubules and the  ribosomes?
3) I s  th e re  a  p a r t i c u la r  arrangem ent o f ribosomes around the m iorotubules?
if) Are th e  'c l e a r  zones' * seen  around m iorotubules in  tra n sv e rse  sec tio n s*  re a l?
F ir s t*  I  n eg a tiv e ly  s ta in e d  homogenates of ovario les*  to  look s p e c if io -  
a l l y  f o r  connections between the  m iorotubules and th e  ribosom es. This 
technique has been used e x te n s iv e ly  to  s tudy  the  u l t r a s  tru o tu re  of micro­
tubules*  bo th  from p re p a ra tio n s  of f l a g e l l a s  (Grimstone A Klug* I 966;
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Behnke A lander* I 967) and from d is ru p te d  o e l ls  (G all*  1966;
B arn ioo tt*  I 966; K ie f fe r  a t  ail** I9 6 6 ) .  F o r neg a tiv e  s ta in in g *  I  have 
fo llow ed  the  method of G a ll ( I 966) .
Negative s ta in in g
I n i t i a l l y *  o v a rio le s  were l i g h t ly  homogenised in  a  sm all 
amount of in s e c t  Ringer* a t  room t e q ^ ra tu re  * using a  hand 
homogeniser. A Form var/oarbon coated  g r id  was then  touched 
to  the hooogenate. W ithout l e t t i n g  the p re p a ra tio n  dzy* the 
g r id  was tr a n s fe r re d  to  th e  su rfa ce  of 1?T aqueous uranyl 
ao e ta te  f o r  1 -  2m, zdnsed in  w a ter and f lo a te d  on th e  su rface  
o f  a  sodium phosphotungstate so lu tio n  (pH 6 , 6)# The excess 
s ta in  vas removed by touching to  f i l t e r  paper and the  g r id  
allow ed to  dzy b efo re  exam ination.
Using th i s  technique* which had s ta iiw d  and p reserved  th e  m iorotubules 
o f f ro g  ezy tb ro cy te s  (G all*  1366)* I  d id  n o t observe any odcro tubu les on 
the g r id s . I  suspected  th a t  the m iorotubules were l a b i l e  and had been 
destroyed  by the  hom ogenisation, I  th e re fo re  searched f o r  a  method of 
s t a b i l i s i n g  the tu b u le s . I  s taz 'ted  by using  d i lu te  s o lu tio n s  of g lu ta ra ld e -  
hyde* because i t  i s  known to  p reserve  the  s tru c tu re  o f m ioro tubules.
O vario les  were immersed f o r  2 -  3m in  b u ffered  g lu tara ldehyde*  
and the e f fe c t iv e n e s s  of the trea tm en t e stim ated  by e&amlning 
p ieces  of o v a rio le s  using  a p o la r is in g  m icroscope.
The b ire fr in g e n c e  o f n u t r i t iv e  tubes in  sh o rt len g th s  of o v a rio le s  
was preserved* and in  some p rep a ra tio n s*  I n ta c t  b i r é f r in g e n t  tubes had 
exuded from the c u t ends o f the  o v a r io le s . In  o th e r  oases* o v a rio le s
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which ap p tared  b r i t t l e  a f t e r  the  trea tm en t w ith  g lu taraldeii^ 'de Ijad 
frac tu re d *  and le n g th s  o f n u t r i t iv e  tube v/ere seen to  b ridge  the gap*
A ll the c o n cen tra tio n s  of g lu ta ra ld eh y d e  whioh were used preserved the 
b ire fr in g e n c e  of the n u t r i t iv e  tu b es , even in  sh o rt le n g th s  o f o v a rio le . 
However* a f t e r  such tre a ta » n t*  I t  was no t p o ssib le  to  spread  tne 
c o n te n ts  of the  tubes onto g r id s .
I  then  decided to  use a  d i lu te  s o lu t io n  of formaldehyde in  
in s e c t  R inger in  th e  hope th a t  the  tub u les  might be preserved* w hile 
s t i l l  a llow ing  s e p a ra tio n  and sp read ing .
O varies were d is se c te d  ou t and plaoed in  0,001# b u ffe re d  
formaldehyde (d i lu te d  from 2a;* w ith  in s e c t  R in g e r), A fte r  
IJ tt and 3m, th e  o v a rie s  were removed, washed in  R inger and th en  
teased  out using tu n g s ten  need les in to  a  sm all drop of in s e c t  
R inger. Coated g r id s  were touched to  the d ro p , to  p ick  up 
o v arian  m a te r ia l ,  and s ta in e d  a s  described  p re v io u s ly .
Using th i s  tech n iq u e , m lcrotubulea could be seen in  roughly  p a r a l l e l  
rows over p a r ts  of th e  g r id s  (F ig , 34 ) ,  Amongst the tub u les  were round 
s t ru c tu re s  (F ig s . 33, 34 ) ,  which I  assume to  be ribosom es; because of 
t h e i r  s iz e ,  and because they  a re  the  only  o th e r  v is ib le  oomponent o f th in  
s e c tio n s  of n u t r i t iv e  tubes. I n  these  negativeIj*^ s ta in e d  p rep a ra tio n s*  
some of the ribosomes were f r e e ly  d is t r ib u te d  between the m iorotubules* 
w hile many were in  c o n tac t w ith  the  tu b u le s . Indeed* in  many reg io n s  the 
su rfa c e s  o f the tu b u le s  appeared to  be encrusted  w ith  ribosomes (F ig , 34) 
U n fo rtu n a te ly , th e  su b s tru c tu re  of the tu b u le s  was not w e ll preserved 
a f t e r  th i s  trea tm en t w ith  formaldehyde * and i t  was n o t p o ss ib le  to  
observe any p re c ise  connec tions between the tu b u le s  and the  ribosom es.
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1 In  an a ttem p t to  1 Throve th e  p re se rv a tio n  o f the  f in e  s tru c tu re  
of is o la te d  tubules* I  tu rned  ey a t te n t io n  towards a  technique used by 
Kane ( 19&2) to  s t a b i l i s e  and i s o la te  the  m ito tic  spindle# This technique 
has been m odified re c e n tly  by K irk p a tr ic k  ( I 969)# Both re p o r ts  showed 
th a t  m iorotubules were p reserved  using  he xylene g ly co l in  co n junction  
w ith  co ld  and a s l ig h t ly  a c id ic  pR; and th a t  even ex trem el/ l a b i le  
m iorotubules were s t a b i l i s e d  a f t e r  t h i s  trea tm en t. I  emplc^'ed th i s
technique to  examine th e  c o n ten ts  o f the n u t r i t iv e  tubes o f N otonecta.
»
I  d is se c te d  in d iv id u a l tro p h ic  tubes from o v a r io le s . F o r th is *  
o v a rie s  were removed and placed in  a  $;1 s a l t  s o lu t io n  (0 .1  M KOI* 
O.lM NaOl). Using v e iy  f in e  sharp  forceps* th e  o u te r  e p i th e l i a l  
sheath  whioh surrounds th e  o v a rio le  wis gripped* p u lle d  up over 
the germarium* and removed a lto g e th e r*  J u s t  a s  tn e  removal of a  
sock from a fo o t .  This l e f t  a  s t r in g  of f o l l i c l e s  a tta ch e d  to  a  
geroarlum  by n u t r i t iv e  tubes. Using the fo rc e p s , a  piece of 
the f o l l i c l e  w all* in  the  neck reg ion  o f  th e  ovario le*  was p u lle d  
away, and th i s  u su a lly  re v ea led  a number of t ra n s lu c e n t n u t r i t iv e  
tubes* whioh appeared b ire fr ln i^ e n t when examined w ith  a p o la r is in g  
m icroscope.
A coated  SU g r id  was p laced  a t  the  bottom of a  bored s l id e  
chamber f i l l e d  w ith  b u ffe re d  hexylene g3ycol (1M hez^leno g ly c o l 
in  0 . 003M potassium  b u f f e r  pH 6 . 5) ,  and the s l id e  p laced  on ic e .  
The germarium* w ith  the tubes a tta c h e d , xtas t r a n s fe r re d  to  tne 
Cl amber using  a P asteu i' p ip e tte *  and the t i s s u e  a llow ed to  s e t t l e  
onto the su rface  of the  g r id . The g r id  was l i f t e d  from the  
chamber w ith  force^^e* and n eg a tiv e ly  s ta in e d .
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With to i#  i s o la t io n  prooedurs* the m iorotubules were seen  in  
bunches and were w e ll p reserv ed  (Fig# 3 5 ), As w ith  the p re p a ra tio n s  
t r e a te d  w ith  formaldehyde * ribosom es were seen between the  m iorotubules* 
and sometimes touching them# Where in d iv id u a l tu b u le s  were no t bpund d 
by ribosomes* th a t  p a r t  of the  tu b u le  was more co llapsed*  arid in  some 
bases tu b u les  were s p l i t  open (F ig . 3&)* In  s p l i t  tubules*  11 p a r a l l e l  
su b -filam en ts  were v is ib le  in  the  tu bu le  w a ll and rep ea ted  u n its  of 
4nm were measured along  each su b -f ilambnt# Using the n eg a tiv e  s ta in in g  
technique* the  'c l e a r  sons ' whioh was v is ib le  around in d iv id u a l mioro­
tu b u le s  in  th in  sec tio n s*  was not ev iden t*  and ribosom es were in  c o n tac t 
w ith  m ioro tubules.
There a re  a  number of iw porta  th a t  where m iorotubules a re  found in  
t r a c t s  of cytoplasm ic flow* a  'h a lo ' o r 'c l e a r  sons ' has been observed 
around in d iv id u a l m iorotubules and th a t  o th e r  c e l l u l a r  m a te r ia l i s  
excluded from th i s  sons (L ed b e tte r & P o rte r*  I 963 ; S i lv e r  & MoKinstiy*
19671 Maogregor A d tebbings*  1970), I t  has been suggested  th a t  t h i s  c le a r  
zone may be the r e s u l t  of shrinkage on f ix a t io n  (Maser A i 'h i lp o tt*  I 964) * 
bu t Lane and Treherne (1970) found th a t  i f  axons from cockroach gangU a 
were f ix e d  and s ta in e d  w ith  lanthanum hydroxide* as opposed to  the u sual 
p re p ra tiv e  techniques* then  the  c le a r  zone and th e  'c o r e ' o f the  tu b u le s  
s ta in e d  a lik e *  su g g estin g  th a t  th e se  a re  r e a l  s tru c tu re s#  To in v e s t ig a te  
the  s t ru c tu re  of m ioro tubules and the p o s itio n in g  of ribosom es in  r e la t io n  
to  odcro tubules in  as n e a r  to  the  in  vivo co n d itio n  a s  p o ss ib le  * I  used 
th e  f re e z e -e tc h  technique* With th i s  technique* m iorotubules which had not 




For fre e z e  e tching* o y a rie s  were removed* and em ail p ieces  
of o v a rio le s  p laced  in  20^ g ly c e ro l in  in s e c t R inger f o r  10m.
The p o rtio n s  c o n ta in in g  the  sm a lle s t ooqytes and th e  most 
tro p h ic  tubes* the  'n e c k ' reg io n s  of th e  o v a rio le s*  w ssethen 
excised  and mounted on gold  c o lla re d  specimen hold*»rs befo re  
fre e z in g  in  Freon 22. The fre e z e  e tch in g  metndd was according 
to  the now s tan d a rd  techn ique o f Moore A /K uh le thaler (1963).
The e tched  specimens were snadowed w ith  p latinum  carbon from an  
e le c tro n  beam source i n  a  'B a lz e r ' 360M fre e z e  e tc h e r . The 
r e p lic a s  o f th e  fro ze n  f r a c tu re d  su rface  were c leaned  using 
commercial b leach  (Ghloros* I .O . Î . )  f o r  3h fo llow ed  by 
su lp h u ric  ao id  f o r  6h* and th en  mounted on Formvar coated  g r id s .
The r e p l i c a s  were examined using  an AEX BM 802 e le c tro n  m icroscope.
Exam ination of fro zen  e tched  r e p l ic a s  c le a r ly  show d m iorotubules 
w ith in  the n u tr i t iv e  tu b es . In  lo n g itu d in a l f ra c tu re s*  the  m iorotubules 
were s tra ig h t*  alm ost p a r a l l e l  and r a re ly  touching  each o th e r  (F ig s .37*39). 
In  Icw igitudinal f r a c tu r e s  p a r ts  o f m ioro tubules had f r a c tu re d  over t h e i r  
su rfaces*  w hile in  o th e r tm rts*  the  fra c tu re  had occurred  through the 
'lumen* of the tu b u les  (F ig . 39)# In  the  l a t t e r  cases e sp e c ia l ly  
re p e a ts  of approxim ately  4 nm oould be seen  along the  le n g th s  of the tubu les*  
(F ig . 37)# thus corresponding  w ith  the  neg ativ e  s ta in e d  image.
Oblique and tra n sv e rse  f r a c tu r e s  o f the  n u t r i t iv e  tubes showed 
c i r c u la r  p r o f i l e s  o f m ioro tubules randomly p o s itio n e d  w ith in  the tro p h ic  
tu b es . These were approx. 26nm i n  diam eter* compared to  20nm d iam eter 
o f f ix e d  and sec tio n ed  m ioro tubu les. In  oblique f r a c tu re s  p a r a l l e l  sub- 
f ila m e n ts  cou ld  be seen  in  the w a lls  of the  tu b u le s  (F ig . 4 0 ) .
I n  tra n sv e rse  frao tu ro s*  sm all 'o o g -llk o *  p ro je c tio n s  oould b* 
see a around the f r a c tu re d  tu b u les  (F ig . 36) and in  lo n g itu d in a l 
f r a c tu r e s  h a iry  p ro je c tio n s  can be seen  from tu b u les  and more c le a r ly  
between c lo se ly  a d jac e n t tu b u les  (F ig s . 39*41). These may a r is e  a s  a 
r e s u l t  of ic e  c r y s ta ls  growing between m iorotubules such th a t  the  b rid g e s  
a re  m erely e u te c t ic  s tru c tu re s*  w hile on the  o th e r  hand they  oould be 
r e a l  and fu n c tio n a lly  im portan t.
T ransverse and ob lique  f r a c tu re s  show th a t the c le a r  zone around the 
tu b u le s  and the lumen of the tu b u les  e tch ed  to  the same e x te n t .
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b ) INVESTIGATim OP THE 3CTE0TS W ANTBOTOTIC AGENTS ON ICrGRaüDBDtSS 
AND TfB BINDING OF COLCHIOINK AND VINBIAST»® SUIJHATK TO MICROTDBUIE 
PROTEIN.
M iorotubules bave been shown to  be destroyed* and hence lose  t h e i r  
b ire f r ln g e n o e , when su b jec te d  to  oo ld  trea tm en t (inouS* 1932a; T ilney  A 
P o r te r ,  1967) and to  oo loh io ino  (in o u é , 1952b; T iln ey , 1966). I  th e re fo re  
s e t  out to  t e s t  the e f f e c t s  of these two ag en ts  cn the system of mioro­
tu b u le s  found in  the tro p h io  oore and n u t r i t iv e  tu b es , m onitoring th e f r  
e f f e c t s  of the two trea tm en ts  by p o la r is in g  an d  e le c tro n  miorosoopy.
r . ife o ts  of oold and o o lo h lc in e  on m ioro tubules;
Â fem ale N otoncota m s  kept a t  2*0 f o r  12h. I t ' s  ovazy was 
removed, and a  s in g le  o v a rio le  p laoed  in  R inger a longside  an 
o v a rio le  from  an anim al whioh had been kept a t  room tem perature. 
The p re p a ra tio n  was th en  examined in  p o la r ise d  l i g h t .  O ther 
o v a rio le s  from the auim al whioh had been su b je c te d  to  oo ld  
trea tm en t were f ix e d  fo r  e le c tro n  odarosoopy. a  s l u i l a r  
experim ent was perform ed w ith  o o lo h lc in e . On& ovazy from an 
anim al m s  plaoed in  R inger and the o th e r ovazy vats p laced  in  a  
1# so lu tio n  o f oo loh io ine  in  the ss^e R ingur. A f te r  1h, 3h* 
and 6h* an e jp e rim en ta l and a  c o n tro l o v a rio le  were plaoed 
s id e  by s id e  on a  s l id e  and examined in  p o la r ise d  l l ^ i t .  O tner 
o v a r ie s , which had been k ep t f o r  3h in  R in g e r, 0 .1 ^ , I.O^r and 
2. 0/^  o o lo h io in o , were f ix e d  fo r  e le c tro n  microsoopy.
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Cold tre a te d  o v a rio le s  snowed reduoed b ire f r in g e  oe of the oore and 
the n u tr i t iv e  tubes (F ig , 42 but the  n u t r i t iv e  tubes nev er lo s t  a l l  
t h e i r  b irefringenoe*
O vario les  whioh had been t r e a te d  w ith  oo lon ia ine  (1,0/«}) f o r  1h 
showed b ire fr in g en c e  of the  oore and n u t r i t iv e  tu b e s , whioh, a f t e r  j h ,  
was l o s t  a l to g e th e r .  I n ta c t  m ioro tubules were seen in  e le c tro n  mioro- 
^N^phs of n u t r i t iv e  tu b es  of ovazles w hich had beeu t r e a te d  f o r  3h w ith  
0 ,1 ^  oo loh io ine  ( F ig ,4 4 ) ,  a lthough  the (preservation of th e  t i s s u e ,  a f t e r  
su s ta in e d  periods in  s o lu tio n s  of the d ru g , was not good. A fte r  t r e a t ­
ment w ith  1 ,0 / o o lo h io in e , tn e re  were few er m iorotubules in  the  n u t r i t iv e  
tubes and G-shaped 'tu b u le s*  were o ccas io n a lly  seen ( f i g .  43 ) ,  Mioro­
tu b u les  were r a r e ly  seen  in  n u t r i t iv e  tu b es  of o v a rio le s  t r e a te d  w ith  2*0^- 
oo loh io ine  fo r  3h, and ribosom es were s c a t te r e d  evenly over the c ro ss  
s e c tio n s  of the tiA>«is ( F i g ,  46 ) ,
At the time 1 was in v e s t ig a t in g  th e  e f f e c t s  of co ld  and oo loh io iM  
trea tm en t on the m ioro tubules in  o v & rlo les ,th e re  were two repor t s  th a t  an 
a n tim ito t io  d rug , c a l le d  v in b la s t in e  su lphate  (VEL> destro y ed  miozcbubules 
and induced tne fo rm ation  of b ir é f r in g e n t  ciy^^tals in  the  cytoplasm  of 
tr e a te d  c e l l s  ^Bensoh & m alaw ista , 196b; M alaw lsta A d a to , 1969)# Both 
re p o r ts  in fe r r e d  th a t  tne  c r y s ta l  s t i 'u o tu re s  were formed from the  breakdown 
p ro d u c ts  of the tu b u le s  and th a t  i s o la t io n  of the o z y s ta ls  %muld provide 
pure m icrotubule m a te r ia l f o r  bioonem ioal a n a ly s is ,
I  decided to  in v e s t ig a te  the  e i f e o t s  of VBL on the m iorotubules in  
the te lo tru p h lo  ovary by both  p o la r is in g  and e le c tro n  wdoroaoopy. In  
a d d itio n  to  a l t e r in g  the  o e l l  s t r u c tu r e ,  th e re  \mre re p o i'ts  t t ia t  VBL 
in te r f e re d  w ith  the  nuo le io  a o id  sy n th e s is  i n  o e l l s ,  and hence u ltim a te ly  
p ro te in  sy n th e s is  (C reasey & Markiw, I964 ; D e s ja rd in s , Grogan, A rendell &
-  40
Busoh, 1967) .  For th i s  reason  I  a lso  In v e a ttg a tc d  e f f e c t s  of the  
drug on the  in c o rp o ra tio n  of % -u r id in e  in to  ovario les#
l^lfStcwnt o f o v a rie s  w ith  v in b la s tin e  su lp h a te ;
O varies were b a thed  in  s o lu tio n s  o f v in b la s tin e  su lp h a te  ( 'V e lb e* , 
L i l ly )  (VBL) in  R inger, p r io r  to  e leo trcsa .o iio roscjpy , a rd  
exam ination in  ^ o la r ise d  l i g h t .  Rxolsod o v a rie s  were bathed  
in  10"W , lO * '^  and 2 x 1 0 » ^  VBL and a ls o  in  R inger. VBL-ti'eated 
o v a rio le s  were e xamined a t  in te r v a ls  and compared w ith  o v a rio le s  
vmioh nad been kept in  R inger. F o r e le c tro n  m icroscopy, whole 
o v a rie s  were bathed  f o r  6h in  and 2 x 10*3m VHL in
R inger and then  f ix e d  a s  p rev io u s ly  d esc rib ed .
VBL d estro y s  the  m icro tubules in  o v a r io le s , a s  d id  oo ld  and oolohioine* 
However, in  c o n tra s t  to  oo ld  and oo loh io ine  tre a tm e n ts , VBL induces th e  
fo rm ation  o f c r y s ta l l in e  s t ru c tu re s  in  the cytoplasm  of t is s u e s  su b jec ted  
to  the drug (F ig s .4 8 , 49 )•  E le c tro n  m icrographs showsd c r y s ta l l in e  
s t ru c tu re s  in  the n u t r i t iv e  tu b es , e sp e c ia lly  c lo se  to  tue w a lls  of th e  
tu b e s , and some tim es in  c o n ta c t w ith  them (F ig . 49 )•  The c r y s ta ls  were
ra re  in  the oooy tes, b u t d id  occur in  the oj/toplasm of the  surrounding  
f o l l i c l e  c e l l s  (F ig . 48 ) .  In  the  n u t r i t iv e  tu b e s , the lon^r axes of th e  
c r y s ta l s  were u su a lly  p a r a l l e l  to  the tube w a lls . C ry s ta ls  ranged in  s iz e  
up to  a c ro ss  and 4^  in  le n g th  and in  c ro ss  se c tio n  had a  noneyoomb 
appearance (F ig . 50 ) .  Each hexagonal u n it  had an  in te rn a l d iam etor o f 
approxim ately 18nm w ith  a  rita  o f a 7>proxiiaately 6nm. In  many o a se s , 
tu b u la r  su b -u n its  oould be seen in  the rim . In  lo n g itu d in a l sec tio n s#  
the c r y s ta l s  appeared as dark  p a r a l le l  l in e s  23 * 30nm a p a r t  w ith  d a rk e r 
d o ts  a t  in te r v a ls  a long  th e i r  len g th  (^ 'ig .51 ) .  Dots on a d jac e n t rows
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were n o t p o s itio n e d  i n  r e g i s t e r ,  b u t s l i g h t ly  out o f s te p .
Although the overall e ffso t of VBL was to d estro y  miorotubules and
Induoe the fo rm ation  of o r y s ta l s ,  in  maiy tubes in ta c t  m ioro tubules
o o -e x is ted  w ith  o iy a ta ls  (Fig# 31 ), In  acme oases to o . In d iv id u a l
m iorotubules were surrounded n o t by ribosoBMs, as  in  the  c o n tr o ls ,  b u t
by a  loose c r y s ta l  l a t t i c e  (Fig# 32 ).
-3Treatm ent w ith  10 M VBL d estroyed  m iorotubules in  the  tro p h io  
reg io n  o f  o v a r io le s ,  and o r y s ta ls  s im ila r  in  s is e  and su b -u rd t s tru c tu re  
to  those in  the n u t r i t iv e  tubes were seen  in  the tro p h io  co re , aanngst 
the  s c a t te re d  ribosomes# Randomly o r ie n ta te d  c r y s ta l s  were found in  the 
cytoplasm  of the n u t r i t iv e  o e l l s .  The q u a n tity  of ribosom es in  the 
n u t r i t iv e  o e l l s  was g re a t ly  reduced^ by VHL, w hile some of the  rem ain! 
ribosom es were a lig n e d  in  rows# These rows oi' ribosom es were sometimes 
continuous w ith  the  o ry s ta ls  them selves (Fig# 3 3 ). There was an in c rease  
in  the  amount of rough endoplasmlo re ticu lu m  in  the n u t r i t iv e  c e l l s  and 
f o l l i o l e  o e l ls  a l t e r  VBL trea tm en t (F ig . 4 8 ).
-3iviicrotubules were r a r e ly  seen in  n u t r i t iv e  tubes a f t e r  2 x 10 M VBL 
trea tm en t f o r  6h (F ig . 39 ). The number of ribosomes was a ls o  reduced 
and the tubes appeared empty in  ooo^pariaon w ith  the con tro ls#^  O zystals  
were la r g e r  w ith  le s s  w e ll de fin ed  boundaries. Open l a t t i c e  networks 
w ith  c ro s s lin k s  of vary ing  len g th s  co v er much of the c ro ss  s e c tio n s  
of the  tubes (Fig# 34)» and u n lik e  the  coupaot o ry s ta ls  th ese  networks 
a re  no t oooqpoeed of such re g u la r  (Mxagonal u n i ts .  The long axes o f th e  
c r y s ta l s  in  the  n u t r i t iv e  tubes were p a r a l l e l  to  the  tube w alls  w hile the  
sm a lle r  c r y s ta l s  in  the cytoplasm  of the f o l l i o l e  c e l l s  were randomly 
o r ie n te d .
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Trcataient with 10*^.! VBL fo r 6h had a re la tiv e ly  s lig h t e ffec t 
on the number and d is tr ib u tio n  of miorotubules and ribosomes in n u tr itiv e  
tubes. Crj^stals were evident arrund the walls of the tubes (Fig. 5 5 ) , 
and were usually separated form the tube m i l  by ribosome s. The 
sub-units of the o ry sta ls  t^ere the same size as those produced by other 
VBIi concentrations.
Ix p i.r ia e n ts  to  examine the  e f f e c t s  of VBl, on the in c o rp o ra tio n  of 
3H -urid ine IntollÇiA c f o v a rio le s  were perform ed os fo llo w s .
One of the two ovarios from an animal m s plaoed in  1ml VBL,
and the other in  1ml of . Inger so lu tion . The ovaries were bathed 
in  the Ringer and the VBL solutions fo r  periods of 0,5h, 1,0h 
and 1,75h. 10^1 ( I 0 ^ i )  of a so lu tion  of ui-idins generally
labe lled  with tr itiu m  ( dloohemioal Centre, Arnerabam,England)
(30 Ci/oAl), %mi'6 then added to  each and incubated a t  20^0 fo r  3h. 
The ovaries were fixed  in  Ice oold trich lo ro ace tic  aoid (TCA) 
fo r  10a and then washed repeatedly in  oold 70 ethanol. Single 
ovarioles were d ried  in  g lass s c in ti l la t io n  v ia ls  and digested 
with WC3 reagent (Nuclear Ghiocgo), The number of counts per 
;ainute were measured using a s c in ti l la t io n  counter (Nuclear 
Chicago), and the d isin teg ra tions per minute calcu lated  by 
comparison with a  know ex ternal barium standard. The d is in te g r­
ations per minute (dpm) per ovariole trea ted  w ith VBL was 
compared with th a t of control ov.arlolcs.
Levels of I C ^ l  VBL produced an 37. inh ib ition  cf incorporation of 
uridine in to  IdU, ^is can be seen from Table 4 , the in h ib itio n  of RNA 
synthesis decreased witu longer exposures to the drug. This suggests th a t  
the synthetic process, which la  in i t i a l ly  Inhibited  by the drug, mey 
p a r tia lly  recover.
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T à b l, 4
Inoox*poratlon of ^ - u r i d i n e  in to  in d iv id u a l o v a r io le  $ over a  p e rio d  o f 
th ree  hou rs , a f t e r  d i f f e r e n t  d u ra tio n s  of p re tre a ts » n t  'with 10**% VBL* 
(Saoh number i s  the mean count of 7 o v a r io le a ) .
D uration  of 
p re trea tm en t 
w ith  m  
p r io r  to  the 
a d d itio n  of
% -u rid in e
C ontro l








dpffi o f VBL trea teJT  
o v a rio le
as o f o o n tro l
0 . 5h 27,421 3,590 13.1#
I.O h 39,203 6,159 15.7#
1,75b 23,625 13,53G 47.2#
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The o v e ra ll  e f f e c t  o f V3L i s  to  induoe the  fo rm ation  o f c x y s ta la , 
d e stro y  the m icro tubules and a lso  d e p le te  the  ribosomes# ü ln o e , in  the 
long term , VBL does n o t p rev en t the sy n th e s is  of ENà, the re d u c tio n  
in  the q u a n tity  of ribosomos in  the n u t r i t iv e  tiA es i s  l i k e ly  to  be due to  
& d ir e c t  e f f e c t  of the drug on the ribosom es, and p o ss ib ly  t h e i r  
assembly#
Bensoh and lial& w ista (126$) found th a t  destroyed  the m a jo rity  o f 
m iorotub'ules in  b o th  L - s t r a in  f i l b r o b la s t s  and human leuoooytos and th a t 
c r y s ta l s  subsequently  appeared in  th e  cytoplasm  of t r e a te d  c e lls#  s im i la r ly ,  
VBL induced the  fo rm ation  of c r y s ta l s  in  the u n f e r t i l i s e d  ooqytes o f the 
s t a r f i s h  P is a a te r  ochraoeous (M alaw ista & d a to , 1969)* In  bo th  r e p o r ts ,  
the  au th o rs  suggested  th a t  th e  c r y s ta l s  were formed from m iorotubules and 
th a t  i s o la t io n  of the c r y s ta ls  should provide a  means o f o b ta in in g  
r e la t iv e ly  pure m iorotubule p ro te in#
What a re  the c r y s ta l s  composed of? Are they  p u re ly  micro tu b u la r ,  
as suggested  by Bensch and lia law la ta  ( 1969) and M alaw ista and Sato  ( I 969) 
from th e i r  u l t r a s t r u c tu r a l  s tu d ies#  C e rta in ly  oy o b serv a tio n s  in d ic a te d  
th a t  the  c r y s ta l s  could  co n ta in  a  ribosom al component also# I  oonnideiwd 
th a t  the qu estio n  of c r y s ta l  com position could b e s t be determ ined by 
in  v i t r o  s tud ies#  X th e re fo re  decided  to  in v e s t ig a te  the e f f e c t s  of 
VBL on samples of m icrotubule p r o ts in  ( tu b u l in ) ,  to  observe w hether VBL 
induces c r y s ta ls  j n  v i t r o , assuming of course th a t  the c r y s ta l s  induced 
in  v ivo  wore formed from the breakdown p roducts o f aicro tubules#
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l iC U t to a  o f b w M
Colchicine bound tubulin  ivas Iso la ted  S3 per Borlay and 
Taylor (1967) $ Ovaries vmre dissected from 25 female 
Notoneota and plu.oed in  2li1 ^CT (0#24- sucim e 0#01ll T rla , 
pîî 7,0 with 10nf4 IJgCl2 ) , ovaries ivsre hoaogoniaed with
a g lass hand homogenlaer and spun a t 2,$C0g fo r  30® and thfl 
p e lle t dlsoorded. The re su ltin g  supernatant was &pm a t  
110,000g fo r  l a ,  and the 110,000g supernatant used fo r  th is  
experiment. The supernatant was incubated with %-oolQhloln# 
(Radiochemical Centre, Ameraham, iSngland.) a t  5 .7  % 10**^ .1 and 
37*0 fo r  1,5h and tnen appHed to a Sephadex G-100 column 
Y/lth 0,01M phosphate buffer pH 7,0. S ixty-eight 1 ,5al frac tio n s 
7«re co llected . The rad io ac tiv ity  (cpm) and pro te in  concen­
tra tio n  (/,^m l) in  each frac tio n  were counted and estimated.
0.2ml of each frc.oticvi was added to 5‘al s c in ti l la t io n  f lu id  in  
a glass s c in ti l la t io n  v ia l  and counted with a liq u id  s c in t i l l ­
ation  counter (Nuclear Chicago). P ro tein  was estimated by the 
method of Lowry, Rosebrough, P a rr d .;andall (1951),
A graph of rad io ac tiv ity  in  the d iffe ren t samples, showed two peaks,
sim ilar to  those obtained by Borlsy and Taylor (1967), The f i r s t  of thess
peaks corresponded with sar.iples containing a high pro te in  fra c tio n , whils 
the other much la rg e r peak represented unbound colchloine. The e ffec t of
VBL on d iffe ren t frac tio n s was exo.mlned,
VBL a t  a f in a l ooneentration of 5 % 10*^1 was added to  frac tio n s 1 
and 2, which contained most of the tubulin , and also to frac tio n s  
9 and 10, as ocn tro la .
— —
On a d d itio n  of VBL to  f r a c t io n s  1 and Z, the  m ixture became cloudy 
and a heavy w hite p i*eo ip ita te  formed. VBL a lso  produced a  p re c ip i ta te  
when added to  f r a c t io n s  9 and 10 , b u t to  a  l e s s e r  e x te n t . T h is  in d ic a te d  
th a t  VBL p re c ip i ta te d  tu b u lin , oven though the  drug c o lch ic in e  m s  
a lre a d y  bound to  the p ro te in . However, i t  a lso  showed th a t  VBL p r e c ip i ­
ta te d  o th e r  p ro te in s  and th e re fo re  d id  no t b ind  s p e c if io a l ly  to  tu b u lin .
T his posed the q u estio n : what i s  the  s ig n if ic a n c e  of th e  w hite 
p r e c ip i ta te  which formed wtien VBL m s  added to  the tu b u lin , and what i s  
the c o r r e la t io n ,  i f  any , between th i s  p re c ip i ta te  and the c r y s ta ls  induced 
by VBL ^  vivo? To deteimdne w hether th e  p re c ip i ta te  showed any c r y s ta l  
s t r u c tu r e ,  I  f ix e d  a  p o itlo n  of the p r e c ip i ta te  f o r  exam ination by e le c tro n  
m icroscopy.
The w hite p re c ip i ta te  produced on the a d d itio n  of VBL to  the 
tu b u lin  f r a c t io n s  ( f r a c t io n s  1 and 2 ) was c e n tr ifu g e d  l ig h t ly  
to  a  p e l l e t ,  and f ix e d  f o r  e le c tro n  microscopy w ith  g lu ta ra ld e -  
hyde and osmium te tro x ld e  a s  p rev io u s ly  desc rib ed .
S ec tio n s  of the p re c ip i ta te  showed densely  s ta in in g  aamrphous 
m a te r ia l (F ig . 56) wiiioh in  p laces  snowed c i r c u la r  p r o f i le s  and co n fig ­
u ra tio n s  which I  in te rp re te d  as sec tio n s  o f h e l ic a l  s t r u c tu r e s .  Ho 
c r y s ta l l in e  s t ru c tu re s  were obvious in  any of the  s e c t io n s ,  which I  examined. 
L a d d e r-lik e  arrangem ents have been seen  by Bensoh, M arants, W isniewski & 
Shelankki (1969) in  se c tio n s  o f tu b u lin  p re c ip i ta te d  by VBL, and M arantx 
and B helanski ( 1970) have examined s im ila r  p r e c ip i ta te s  by negative  s ta in in g  
and d escribed  *bed8prin g » lik e*  a ri 'sy s  of h e l ic e s .
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To in v e a t i^ ts  the a p ec iiic lty  of bindli^g of VBL to tubu lin ,
I  analysed VBL p rec ip ita te s  biochemically* High speed supernatants of 
ovarian homogenates \vei*e trea ted  with ITBL, and the rr.su iting p rec ip ita te s  
and also the '3L supernatants wore run on aozylamlde gels .
*lcatro;;U o:-g3la;
Ovaries were dissected from I 5 Notoneota in to  1ml sucrose 
t r i s  (3T) and homogenised In a hand hoi^geniser. During 
homogenisation, the degree of breakdown of the tissum wa« 
exaiainefi by phi^se con trast microscopy* When the majority of 
' the c e lls  had been d isrup ted , the homogenate was spun a t 
105, 000g fo r  1*5h.
The supernatant m s  divided in to  0,4ml and 0,3ol portions*
VBL m s  added to tfis 0*4ml portion to  give a f in a l  concen­
tra t io n  of 2 X 10"% and added slowly, so th a t an in terface 
m e formed between ttoc drug aiid the supernatant. This m e 
lo f t  fo r  30m and a p rec ip ita te  formed a t the in te rface . The 
mixture m s then spun a t 30,000g fo r  15m, The p rec ip ita te  
was resuspended in  reducing so lu tion , and both the lesuspended 
p rec ip ita te  and the supernatant p o tc in  sanjples rcducNsd and 
alkylated as per Renaud, Rows & Gibbons ( I966) . The amounts 
of protein  in  the o rig ina l 103§00Qg supernatant, the XTO 
supernatant and the reauspcndod VBL p rec ip ita te  wwre e s tim to d  
by the method of Lowi^', Kosobrough, F arr & *tandall (1951), 
E lectrophoresis was ca rried  out on 7,5# acrylaadda gels 
containing tM urea* Samples of the 105,000g supernatant, tae 
VBL p rec ip ita te  and the VBL supernatant were loaded onto 
d if f e r e n t  ge ls , Â sample from Chlaqydonionas f la g e lla s , kindly
* *
g iven  to  ne by 3r* J . 9 ,  Clmotcd (Yale H n lvere îtj-, H # , A,) 
>ma a ls o  run a s  a o o n tro l .
The qu an titie s  o f tae  d i f f e r e n t  s ta p le s ,  wblou lofded 
onto the g e ls , are given in  T itle  5#
'Okie 5
Gel Nos# GaapXe Amount loaded
1 105 , 000g su p ern a tan t 35
2 70 6
3 VB’, 3 iq e rn a ta r t
4 • 80 a
5 VBL p iT O ip lta te l ^ i O
6 i<lngeXlae sasjple 90jkg
3 drox33 of bromopb*DOl blue were added p e r l i t r e  o f  to p  
b u ffe r  and the sam ples were run  u n t i l  t h i s  tm o k ln g  dye e l  o e t  
reached th e  bottom o f the  tu b e s  (2,5h)# The gel#  were then 
removed f ro *  th© tube© and s ta in e d  w ith  1# f t a t  green  In  7 
a c e tio  ooid  f o r  2h (G orow ky, OarXaoti r^ossnbausi, 1970) ^nd 
then  d e s t i n e d  by c o n s ta n t a g i ta t io n  in  7  a o e tlo  ac id  fo r  
2 days.
The distances aigratod by too tracking uye and tnc different 
bauds within thu gal we c measured, and the mobility (RH) of 
oaoti band relative to the mobility of the t ic k in g  dye oalouXated,
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This allow ed the oomparison o f c e r ta in  bands in  d i f f e r e n t  
gels*
The g e ls  were a ls o  soanned a t  6l7*5m^(wavelength of 
absorbance of f a s t  green) using a  Joyoe Loebl spectrophotom eter*
Sx&uiination o f the banding p a t te rn s  in  the g e ls  showed th a t  the 
number o f  bands re so lv ed  was, to  some e x te n t ,  a  fu n c tio n  of the maount of 
p ro te in  loaded (See a ls o  R a ff , G reenhouse, Gross & G ross, I 97I ) ,  There 
were a t  l e a s t  11 p ro te in s  in  th e  VBL p r e o ip i ta te ,  and a p p ro x ia a ts ly  9 in  
the  VBL supernatant*  Since some of th e se  bands have th e  same Kti v a lu e , 
i t  i s  p o ss ib le  th a t  n o t a l l  o f a  p a r t i c u la r  p ro te in  was p re c ip i ta te d  by 
the VBL a t  the c o n ce n tra tio n  used* Scans of the fo u r  g e ls  a re  shown in  
F igs* 57 & 58, and the HU values of the bands in  each of the g e ls  a re  g iven  
in  Table 6* The HL va lues of the tu b u lin  bands in  the fX agellae  g e l  were 
0*257 and 0*279# Exam ination of the tab le  o f RM v a lu e s , shows bands both  
in  the  VBL su p ern a tan t and VBL p r e o ip i ta te  g e ls  w ith  approxim ately  these  
RIt values*
T his  experiment showed th a t a t  room temperature, VBL prec ip ita ted  
a  number of p ro te in s, probably including tubu lin , from supernatants of 
homogei-atws of the Lotoneota ovaries, (of more specific  p rec ip ita tio n  
of tubulin  by VBL a t  0*0; Raff, Greenhouse, Gross à  Gross, 1971 -  see 
discussion)*
Ginoe 1 completed th ese  e3q)@rimeats, W elsenbsrg and T im asbeff (1970) 
have found th a t  d iv a le n t c a tio n s  mimic the e f f e c t  of VBL, in  p r e c ip i ta t in g  
tu b u lin  from supernatan ts*
Table 6* Banding p a tte rn s  o f 105,000g su p e rn a ta n t, VBL su p e rn a ta n t, 
VBL p re o ip i ta te  and f l a g e l l a  sample in  g e ls .
D istance  
t r a v e l le d  
by marker 
4ye_____
D istance  t r a v e l le d  
by bands 
i n  g e l
H.M. o f 
bands D istance  t r a v e l le d  
by marker 
Are
D istance  
tr a v e l le d  
by bands 
in  g e l
H.M. o f 
bands
103i000g su p ern a tan t 
(35i/b ) (70i4b)
6 .7 0  oms 0 .85  cms 
1.00 
1.20 
1 .5 0  
1 .6 5  
2 .0 5
2.453.00
0 .1 2 7  oms
0.149
0 .179
0 .2 2 4
0 .246
0 .3 0 6
0 .366
0.443





# .4 7  
. 2 .75




0 .2 9 70.358
0.399
VBL su p e rn a tan t 
(40sg) (QOiA)
6 ,4 0  oms 0 .86  oms 1.00 
1.20 





0 .125  oms 
0 .156  
0.188 
0 .219  
0 .242  
0 .250  
0 .3130.430
0.461
6 .2  cms
%
?
0 .7 5  oms 
0.95  1.20 
1 .40  
1.60 
1 .9 5  2 .3 0  




0 .1 4 40 .226
0.258
0 .3 1 5




r e o ip i ta te  
K) g )
F la g e l la  sample 
(50 g)













0 .246  
0 .290  
0.399 0 .442  
0 .5070.558
5 .8  oms
:
!
0 .2 5  oms 
0 .5 0  
0.60  
1 .0 2  
1.20 
1.49  1 .6 2
0 .043  oms 0.086 
0 .103  
0 .176  
0 .2 0 7  
0 .2 5 7  
0 .279
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BeoaUèc Gülchlolae binds sp e c ifica lly  to  twbnlln (Borlsy Sk Taylor, 
1967) since Y3L p reo ip lt itoa tubulin  from sunem atants, I  deolded 
to ixxvsstlgate tb e ir  a f f in i t ie s  fo r  tubulin  and the nature of th e ir  
binding s ite s  on the tubnlln by competition exrerlmente between the two 
drugs# At the same ti:ac, I  could a lso  investigate  hypothesis that 
in ta c t microtubules act as a tem plate, seed, or former fo r  tie assembly 
of VBI-induced c ry s ta ls . I  suspected th is ,  since the cjy^stala always 
have the saaic o rien tation  ae the rrdcrotubules which they rep lace , suad 
where there i s  00 d is t in c t  alignment of microtubules, the c ry s ta ls  are 
randouüy oriented.
Bensoh and Malawista ( 1969) ,  reporting th e ir  discovery of VBJ  ^
induced o ryeta ls  in  mammalian tissu e  cu ltu re  c e l ls ,  sta ted  b r ie f ly  that 
pretreatm ent with colchicine did not a ffe c t the a b i l i ty  of VBL to  
produce c ry s ta ls . In  th is  case , the concentration of colchicine was 
low, and the effect of the c lohloine :n the mlorotubules was not 
reported, ^ore recen tly , Frlshan and Hsu (1971) have dentonstrated auto- 
radlographically , a t  the lig h t microscope lev e l, th a t p ro te in  which binds 
oolohiclne ic, inaoi\)oratud Into VBI^induced c ry sta ls  In mammalian tissu e  
cu ltu re  c e l ls .  In  add ition , ny in  ^ Itro  experiments nave shown th a t VBL 
p rec ip ita te s  protein  which already has 3H-oolohioine bound to  i t ,
I  have used colchicine as a too l fo r  dissembling mlorotubULies, p r io r  
to treatment with VBL, to discover whether c ry s ta ls  form, and i f  so, to 
investigate  wtiat e ffec t the prode at miction of the mlcrotubules might nave 
on both the struc tu re  of c iyo ta ls  and th e ir  d is tin c t orientation# By 
trea tin g  ovarioles with colchicine followed by VBL, p rio r  to examination 
by e lectron  microscopy, I  could investigate  oytologioaily  reports th a t 
colchicine and VBL have separate binding s i te s  on tubulin  and do not 
compete in  any way (Wilson & Priedkin , 19&7; Ore assy & Chou, 196b).
Ovaries were removed from Hntoneota, and b thed fo r  Jii in  
0.1/' and 1,0?  ^ oolchlolne In Ringer. A fu r t f» r  batch of 
ovaries ;vere trea ted  as described, washed In Ringer, and 
trea ted  fo r a fu rth e r  3h with 10*%l \H3L. Singlo ov^riolea 
were teased out and fixed fo r  electron :nicrosccpy.
In electron micrographs of ovaries trea ted  with 0.1# colchicine 
fo r  3h, the number and die - ribu tion  of the mlorotnbules in  n u tritiv e  
tubes was sim ilar to tha t of untreated tubes. In tubes trea ted  with 
1.0# colchicine, the number of microtubu3.es m s g rea tly  reduced, and 
some *C-3hax-)ed tubules* were observed.
Ovarioles which nad been pretroated with 0.1# colchicine fo r  3h, 
followed by appeared the sa’ijo as those trea ted  so le ly  with VBL,
with d is tin c t c ry s ta ls  appearing lik e  a * honeycomb * in  trans'/e rse 
sections (Fig. 59). A fter treatment with 1.0# colchicine and the same 
concentration of VBL, no miorotubulcs were seen in  the n u tr itiv e  tubes, 
there were fewer ribosomes, and instead of orjnstals, the tube contained 
patches of loose feathery m aterial surrounded by the remaining ribosome# 
(Figs. 60,61), In  con trast to  d is tin c t c r j 's ta ls , th is  m aterial had no 
obvious regular struc tu re  when viewed in  transverse or longitudinal 
sections# In e lectron  micrographs, the feathery  aggregates appeared 
l ig h te r  than the ribosomos, and in  transverse sections, c irc u la r  p ro file#  
of vaiying diameters could be seen In the m aterial, which in  places a lso  
showed cross linking© oi vcJTTing length®.
I f  therefore -niorotubulcs are in ta c t ,  then VBL induces the formation 
of regular hexagonal c ry s ta ls . However, i f  the miorotubules are destroyed 
with co lchicine, then crj^stals do not form although there i s  seme aggregation
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of oryf.tal-11ka mr te r la l .
Although VBTj and colohlolne bind diffgivsntly tn tubulin , butn are 
en tlod to tlo  agents which destroy microtubules. observations show 
th a t when the miorotnbules in n u tr itiv e  tubes are destroyed by oolohicin*, 
the ribosomes which are the only other v is ib le  c e l l  component, spread 
uniformly and f i l l  the gaps l e f t  by the tubules. In  c e n tr is t ,  a f te r  
treatm ent with VBL aros and c irc le s  of ribosomes are seen, and ribosome# 
do not invade a region previously occupied by a alcrotubule. This 
Indicate# th a t although VBL and colchicine both destro}' the tubule struc tu re  
Which is  seen a f te r  conventional f ix a tio n  and staining techniques, they 
a c t d lffe ran tly  on the surrounding sleeve of e leotixn  opaque m aterial and 
therefore the complete struc tu re  of microtubules.
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IN VITRO MâINTENANQS TECHNIQUE FOR TELCTRO&mO OVARISG.
The rem ainder of t h i s  work has Involved th e  development o f a  
technique f o r  the  maintenance of te lo tro p h io  o v aries  v i t r o . To 
f u l l y  understand the a c t io n  o f a n t im ito t ic  drugs on a io ro tu b u le s , I  
c o n s id e r i t  im portan t to  determ ine w hether tu b u le s  can reform  in  
t i s s u e s  a f t e r  removal of such drugs. on in v e s t ig a tio n  of t h i s  kind i s  
no t p o ss ib le  v iv o , s in ce  in je c te d  drugs cannot be f lu sh e d  from liv e  
an im als , and an jhi v i t r o  m aintenance technique i s  th e re fo re  e s s e n t ia l .
A ttem pts to  m ain ta in  and grow organs of in s e c ts  jjg v i t r o  have met 
w ith  vary ing  suooess. The iaq>ortanoe o f in s e c t  hormones f o r  su c c e ss fu l 
c u ltu r in g  has been reviewed re c e n tly  by kark s  (1970). I n  some cases 
o v a rie s  have been found to  develop ^  v i t r o  w ithout th e  a d d itio n  of any 
e x te rn a l source of hormone (S te m , 1940; Demal, 1S>#1; Lender A Duveau- 
Hagege, 1963; L eloup, 1964). However, Lender and Lavadure (1967), on 
c u ltu r in g  o v a rie s  of T enebrio . and I t ty o h e r ia h  and Stephanos ( I 968) 
in v e s t ig a t in g  th e  o v a rie s  of I p h i t a  found th a t  f a t  body e x tr a c t  was 
e s s e n t ia l  f o r  normal development.
For th i s  stuAv I  re q u ire d  to  m ain ta in  te lo tro p h io  o v a rie s  in  as 
l i f e - l i k e  a  co n d itio n  a s  p o ss ib le  # th e  most Im portant f a c to r  being  the 
p re se rv a tio n  of the odoro tubules and the  maintenance o f ribosom al move­
ment w ith in  the n u t r i t iv e  tu b es .
In  v i t r o  maintenance of te lo tro p h io  o v a rie s*
O varies were removed under s t e r i l e  in s e c t  R inger, washed th ree  
tim es in  s t e r i l e  R in g er, and f i n a l l y  in  G race 's  M odified In s e c t  
Medium (Grand I s la n d  B io lo g ic a l Company). The c u l tu re  chambers 
used were 5.5oms d iam eter s t e r i l e  p la s t i c  p e t r i  d ish es  (NuncIon,
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S t e r i l i n  L td . ) ,  the bases o f whioh were so ra tohed  w ith  a  
s c a lp e l  b la d e . By sc ra tc h in g  a t  r ig h t  a n g le s , p o in ts  o f 
p la s t i c  were r a is e d ,  and th ese  ac ted  as r a f t s  whioh e lev a ted  
the o v a rie s  from the  bases of the  d is h e s , thus allow ing  f re e  
c i r c u la t io n  of medium around the  o v a rie s . The roughened bases 
a lso  served  to  anchor the  o v a rie s  during  the changing o f media.
The ex c ised  and washed o v a rie s  were t r a n s fe r re d  to  the r a f t s  
in  the  p e t r i  d is h e s , which con ta ined  2.5m ls of in s e c t  medium 
to  which had been added Ozystamycin (0 .16  mg/ml, Glaxo) and 
Achroogroin (0 .02  og/m l, L e d s r le ) . F or some o f the u l t r a -  
s t r u c tu r a l  s tu d ie s  o v a rie s  were a lso  m aintained in  medium 
w ithout a n t ib io t i c s .  D uring long p e rio d s  of c u l tu r e ,  the 
icdium in  each d ish  was changed ro u tin e ly  every  tw elve hours.
A ll procedures were perform ed in  a  p o rtab le  s t e r i l e  workbench 
(M icroflow ).
The c u ltu re d  o v a rie s  were examined during c u ltu re  periods of 
48h, i n  p o la r is e d  l i g h t  and by e le c tro n  mioroscopy, as desc rib ed  
in  a  p rev ious se o tio n .
The tro p h ic  c o re s  and the n u t r i t iv e  tubes of the o v a rie s  were 
s tro n g ly  b iré f r in g e n t  throughout the  c u ltu re  p e rio d s  o f 4Bh, thus in d ic a t i f ^  
m icrotubule p re se rv a tio n . 3uch su p p o sitio n s  were supported  by e le c tro n  
m icrographs of n u t r i t iv e  tu b e s , a f t e r  48h in  c u l tu r e ,  which were i n d i s t ­
in g u ish ab le  from m icrographs of f r e s h ly  ex cised  m a te r ia l.
The system whereby ribosom es a re  tra n sp o r te d  from the  tro p h ic  reg io n  
to  the  o o cy tes , Jjh v iv o , has been d esc rib ed  in  a  p rev ious s e c t io n . However, 
s in ce  i t  has been re p o rte d  th a t  the s a l iv a ry  g lands of D rosophila  f a i l e d  to  
sy n th es ise  ribosom al HKA (rRNA) in  v i t r o  (G reedberg, 1969), I  considered
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i t  w ise to  determ ine f o r  my c u ltu re  system  a) whether 12NÂ i s  c o n tin u a lly  
sy n th e s ise d , b) i f  rBNA i s  made, and o) w hether i t  i s  tra n sp o rte d  down 
tb s  n u t r i t iv e  tubes to  the oocytes#
To c l a r i f y  the f i r s t  p o in t ,  o v a rie s  were c u ltu re d  a s  desox'ibed 
in  a  medium co n ta in in g  50^2/taX % -u r id in e  Radiochem ical
C e n tn ,  Amersham). O vario les were removed a f t e r  2h, 6h, 12h,
24h and 48h, f ix e d  f o r  5m in  ic e  co ld  TCA, d ig e s te d  w ith  NC3 
base (N uclear Chicago) (O.WLs NC3 t O.Ojmls w a te r /o v a rio le  ) ,  
and s c i n t i l l a t i o n  f l u i d  added to  the v ia ls#  The amount of 
u r id in e  in co rp o ra ted  p e r  o v a rio le  was determ ined by l iq u id  
s c i n t i l l a t i o n  counting*
The cp e /o v a rio le  over a  40h p erio d  a re  shown in  Table 7 , and g rap h i­
c a l l y  in  Fig# 6 2 .  Each number i s  the mean count from 8 o v a r io le s . T his 
experim ent showed th a t  o v a rio le s  in c o rp o ra te  % -u r id in e  l in e a r ly  in to  BKA 
during  a  48h c u ltu re  period#
TABLE 7*
Table of in c o rp o ra tio n  o f % -u r id in s  in to  in d iv id u a l o v a r io le s .
(Each number i s  the mean count of 8 o v a r io le s ) .
2h 6h 12h 2Mi 48h
3,484 cpm 13,761 16,671 23,933 39,197
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To determ ine w hether rSNA i s  made JLn v i t r o , o v a rie s  from 
5 anim als were s e t  up in  o u ltu re  and m aintained f o r  
C on tro l oveurles were then  removed from a  f u r th e r  5 anim als 
and both  s e ts  of o v a rie s  (c u ltu re d  expérim en tais  and f re s h ly  
removed c o n tro ls )  were c u ltu re d  f o r  6h in  a  medium co n ta in in g  
% -o r id ln e  ( 1 ml : JOCS/wU)* BNA was then  e x tra c te d  i'rom 
the  expérim en tais  and the  c o n tro ls  by th e  method of Brown and 
L i t tn a  ( 1964) .  O varies were removed from the z a f ts  and washed 
in  0.1M NaAc pH 5*0 w ith  5^wg/ml p o ly -v in y l su lp h ate  (PV3).
A ll  e x tra c t io n  procedures were perform ed c o ld . The o v a rie s  
were homogenised l i g h t ly  in  5ml o f the  same b u f fe r  and 0 .5 #  
sodium dodecyl s a ro o s in a te  (G arkosy l, C iba-Ceigy) added to  
d is ru p t  the  c e l l s .  An equal volume of pheno l, s a tu ra te d  w ith  
w a te r , was added and th e  tube shaken v ig o ro u sly  p r io r  to  c e n t r i ­
fu g a tio n  a t  12,000g f o r  20m i n  an  ang led  r o to r .  The u% ^r 
la y e r ,  oo n ta in in g  the  RNA, was p ip e tte d  o f f ,  2 i  tim es the volume 
o f  a b so lu te  e th an o l added and the  RNA allow ed to  p r e c ip i ta te  
overn igh t in  a  f r e e s e r .  The RKA was c o lle c te d  by cen tr lf* jg a tio n  
a t  I6 ,000g f o r  30m. The two samples were washed c a r e fu l ly  w ith  
70# e th an o l to  remove any tra c e s  of phenol, and c en tr ifu g e d  ag a in  
a t  I6 ,000g to  p r e o ip i ta te .  The samples were then  resimpended in  
2.0ml 0.1M HaAc pH 5*0 w ith  5 )g /n l 1V3. The o p t ic a l  d e n s ity  (CD) 
of the samples was re a d  a t  260m^ to  determ ine tb s  kHA c o n te n t , 
and 50p i of each sample was sp o tte d  onto M illip o re  f i l t e r s ,  and 
counted by l iq u id  s c i n t i l l a t i o n .  1ml samples were loaded co ld  
onto sucrose g ra d ie n ts  ( 5 * 2Q^) and spun in  a  3 x 20ml sw inging 
bucket r o to r  on an M.3.B. "Guperspeed 50" u l tr a o e n tr ifu g e  a t
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22,OOOK f o r  2 0 .5h a t  10*0. *32 drop* f r a c t io n s  were o o lle o te d
and the QD and opn o f each f r a c t io n  deterodned. Both the  CD 
and cpm of th e  experim en tal and c o n tro l f r a c t io n s  were p lo t te d  
and compared.
The HNA from bo th  the  c u ltu re d  and f ru sh ly  ex c ised  o v a rie s  sedim ented 
in  th ree  major bands in  sucrose  g ra d ie n ts  (F ig . 63 )• The RHA p r o f i le s  were 
s im i la r  to  those of the o v arian  RNA of some amphibians (Brown A L i t tn a ,  1964; 
G a ll ,  1966) .  The two la r g e r  bands a re  ribosom al RNA, probably  w ith  sedim ent­
a t io n  c o e f f ic ie n ts  of 283 and 183 a lthough  the  va lues of th e  c o e f f ic ie n ts  
vary  somewhat in  in s e c ts  and have been found to  be 248 and 173 i n  Onoopeltus 
f a s c ia te u s . an o th e r hem ipteran (H a rris  A F o i r e s t ,  1967)* The sm a lle s t peak 
i s  the 43 t r a n s f e r  RNA. The sed im en ta tion  p a tte rn  o f the  in co rp o ra ted  
% - u r id in e , shown in  th e  f ig u r e s ,  re v e a ls  newly sy n th es ized  zRNA in  the  
c u ltu re d  o v a rie s . A f te r  th i s  s h o r t  p e rio d  of % -u r id in e  in c o rp o ra tio n , the 
two m ajor peaks of r a d io a c t iv i ty  ra n  s l ig h t ly  ahead of the CD p r o f i l e s .  
F in a l ly ,  to  in v e s t ig a te  the  movement o f RNA v i t r o  a o v a rie s  
from th ree  anim als were s e t  up in  c u ltu re  and allow ed to  
'acc lim ate*  f o r  24h. The o v a rie s  were then  tra n s fe r re d  to  
f r e s h  medium c o n ta in in g  ^H -urid ine (10 l /m l % 3C i/id t). A f te r  
in cu b a tio n  tim es o f 3b , 12h and 24h, the o v a rie s  were f ix e d  in  
S a n fs lic e  f i x a t i v e ,  washed in  running w ater f o r  24h, dehydrated 
in  e th a n o l and embedded in  m eth acry la te . G eotions (0.3jpm) were 
c u t w ith  g la s s  knives on a  Huxley U ltram iorotom f Mk I I  and 
mounted on s l id e s .  The s l id e s  were coated  w ith  l iq u id  em ulsion 
f o r  au to rad io g rap h y , a s  d e sc rib ed  p rev io u s ly .
Exam ination of the  au to rad io g rap h s showed a  p ro g ressiv e  movement o f 
la b e l le d  RNA w ith  time from the  n u t r i t iv e  c e l l s ,  in to  the  tro p h ic  core and 
thence down the  n u t r i t iv e  tu b es  to  the  o o cy tes , as  has been described  in  v iv o .
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DISCUSSION
Oocytes s to re  HNA, and most of t h i s  RNA I s  ribosom al (Brown, I 964; 
Brown & Dawld, I 968) .  Oocyte n u o le l have th e  40 amount of chromosomal 
DNA, bu t in  many am phibians and some in s e c t s ,  a  high r a te  of sy n th e s is  
of ribosom al RNA i s  achieved  by a  s e le c t iv e  a m p lif ic a tio n  o f th e  r ib o ­
somal o r n u c le o la r  genes. In  such c a s e s ,  the a m p lif ic a tio n  i s  ev id en t 
c y to lo g ic a lly  a s  e x tra  chromosomal DNA, produced d u r i i^  o r  befo re  m eiosis 
(G a ll ,  1969) and Macgregor ( I 968) has shown how, in  Xenopus. t h i s  e x tra  
UNA i s  expressed  c y to lo g ic a l ly  in  the m u ltin u c leo la te  c o n d itio n  of the  
germ inal v e s ic le .  Such an a m p lii io a tio n  of the ribosom al gene e x is t s  
in  the germ inal v e s ic le s  of the  in s e c t  Acheta (Lima de F a r ia ,  N ilsscm , 
Cave, Puga A Jaw orska, I 968) which has a  p an e ls  t i c  ovazy; and a  s im ila r  
s i tu a t io n  e x i s t s  in  D ytisous (G a ll ,  Macgregor A Kids to n , I 969) ,  which has 
a  m ero is tic  ^ ^ ly tro p h io  ovary.
In  contraust, ay Feulgen s e c tio n s  and squash p re p a ra tio n s  show th a t  
the  oocytes of N otonscta have no e x tra  DNA, and in  s e c tio n s  s ta in e d  w ith  
g a llo c y an in e ,  and e le c tro n  m icrographs, only a  few n u c le o li a re  v is ib le  
in  each oocyte nu c leu s . D esp ite  t h i s ,  th e  e le c tro n  m icrographs a lso  
show th a t  the cytoplasm  of the  oocy tes i s  packed w ith  ribosom es. Where 
do th ese  ribosomes come from?
In  N otoneota, the  oocytes are  in  d i r e c t  cytoplasm ic communication 
w ith  the tro p h ic  c o re , v ia  the  n u t r i t iv e  tubes. The n u c le i of the 
n u t r i t iv e  c e l l s  a re  packed around the tro p h ic  core  and sec tio n s  s ta in e d  
w ith  g a llccy an in e  snow th a t  th ese  n u c le i have la rg e  n u c le o l i .  The f a c t  
th a t  the  reg io n s  around th ese  n u c le i  and the tro p h ic  co re  ore packed w ith  
ribosom es, suggests  th a t  the  n u t r i t iv e  c e l l s  make these  ribosom es.
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Using au to rad iog raphy , I  have e s ta b lis h e d  tn a t  th e re  i s  a  
p ro g ress iv e  movement of BHa from the  tro p h ic  reg io n  to  the  o o cy tes , as 
was suggested  by Bonhag (1955)* I n  au to rad iog raphs of o v a rio le s  f ix e d  
two hours a f t e r  the in je c t io n  of % - u r id in e ,  th e re  was la b e l l in g  over 
the tro p h ic  n u c le i . In  th e  6h , 12h and 24h p re p a ra t io n s , th e  la b e lle d  
RNA bad moved in to  the tro p h ic  core and down the n u t r i t iv e  tu b e s , w hile 
a f t e r  th re e  weeks, most of th e  la b e l le d  RNA had acoumulat#% i u  the oocy tes.
From these  o b se rv a tio n s , i t  i s  p la in  t h a t ,  in  N otoneota . the 
n u t r i t iv e  o e l ls  a re  an im portan t source of ribosomes f o r  th e  oocy tes. 
F u r th e r ,  i t  i s  ev id en t from exam ination of F eu lg en -s ta in ed  se c tio n s  and 
squashes of the tro p h ic  reg io n  th a t  the  tro p h ic  n u c le i  d i f f e r  g r e a t ly  in  
s i s e  and DNA c o n te n t , and odorophotom etric measurements showed th a t  th e  
la r g e s t  tro p h ic  n u c le i con ta ined  a t  l e a s t  140 tim es as  much DNA as  the 
sm a lle s t. F ra c tio n a tio n  of the  DNA of the tro p h ic  reg io n  at N otoneota 
on cesium ch lo rid e  g ra d ie n ts  rev ea led  th a t  the DNA formed a  s in g le  band, 
and th a t  high d e n s ity  DM  was n o t p resen t in  d e tec ta b le  amounts. I  
conclude , th e re fo re , th a t  the  d if fe re n c e s  in  DNA co n ten t o f the tro p h ic  
n u c le i i s  due s o le ly  to  p o ly p lo id y . Indeed , p o ly p lo ïd is a tio n  of the  
chromosomes of n u t r i t iv e  c e l l s  o f D rosophila  m elanoaaster was observed 
a s  e a r ly  a s  1939 by P a in te r  and R eindorp (1939), who e s tim ated  th a t  the  
c e l l s  a t ta in e d  512 p lo id .
The s tru c tu re  of the  la rg e s t  tro p h ic  n u c le i i s  p a r t i c u la r ly  uniform .
In  each nucleus th e re  a re  in v a r ia b ly  two large  F eu lg en -p o s itiv e  b lobs of 
DNA. In  heav ily  squashed p re p a ra t io n s , stadned w ith  F eu lgen , loops of 
va ry in g  s is e s  can be seen  emerging from these  heterochrom a t i c  m asses.
A s im ila r  f in d in g  has been observed in  the n u t r i t iv e  c e l l s  of bo th  
D rosoph ila  m elanogaster (P a in te r ,  1940) and Rhynohoaciara anMelae 
(B a s i le ,  1969) and the  l a t t e r  a u th o r  p o in ted  out th a t  th e se  loops resem ble 
those seen  on lampbrush chromosomes.
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In  a l l  l ik e l ih o o d , the  loops re^^dresent p a r ts  of polytene 
chromosomes. Follow ing an in c rease  in  p lo id y , po ly tene ohromosomes 
have been  re p o rte d  in  the  n u t r i t iv e  c e l l s  of some D ip te ra . They have 
been seen in  the n u t r i t iv e  o e l l s  of D rosophila  m elanogaster (F a in te r ,
1940; Hsu A Hansen, 1953), Lonohoptera dub l a  ( s t a lk e r ,  1954) and 
C a llip h o ra  e ry tro o ep h a la  (B ie r ,  1957). B ie r  (1957, 1959) shoiwed th a t  
p o ly tene  onromosomes ev en tu a lly  f u s e ,  leav ing  only heteroohrom atio  masses 
and th in  f i la m e n ts , w hile S chrader and Leuohtenberger (1952) have 
d e sc rib ed  a  'lak in g *  o r  running to g e th e r  of F eu lg en -p o sitiv e  m t e r i a l ,  
in  the hindurm ost n u t r i t iv e  c e l l s  of th e  H em ipteran, A oanthocsphala 
b io o lo r ip e s . M icrospectrophotom etric  measurements show th a t  the two
heterochrom a t i c  m asses, in  the l a z i e s t  n u t r i t iv e  c e l l s  of N otoneota. 
re p re se n t approxim ately 8# of the t o t a l  n u c lea r DNA. What i s  th i s  
f r a c t io n  of UNA? Hybz*idisation experim en ts, using the  ribosom al co u p le- 
ment o f Xenopus. in d ic a te  th a t  the  heteroohrom atin  does not inc lude  
ribosom al IBiA. This i s  as  might be expec ted , s in ce  th ese  c e l l s  a re  h igh ly  
a c tiv e  in  the sy n th e s is  of ribosom al RNA and the  tem p la tes  f o r  such 
sy n th e s is  a re  u n lik e ly  to  be 'lo o k ed  up ' in  heteroohrom atih . The n a tu re  
of t h i s  f r a c t io n  of the  DNA may be re so lv e d  w ith  f u r th e r  o y to lo g io a l 
h y b r id isa tio n  experioM nts.
O ther m a te ria ls  have been re p o rte d  to  p ass  from the tro p h ic  reg io n  
to  the oocytes in  te lo tro p h ic  o v a rie s  of in s e c ts .  According to  S chrader 
and Leuohtenberger (1952), in  the c o re id  Hemipteran Aoanthooepbala 
b io o lo r ip e s . n u c lea r DNA was exuded as d ro p le ts  through the  n u c lea r 
me ubrane of the n u t r i t iv e  c e l l s ,  and they  assumed th a t  the DNA passed  to  
the oocytes a s  Fe ulge n-nega t iv e  de polym erised su b stan ces . Bonhag (1953) 
re p o rte d  a  s im ila r  phenomenon in  the  o v a rio le s  of the  iaz%e milkweed bug
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and a ls o  saw f r e e  DNA d ro p le ts  aooum ulating n ear tne a n te r io r  ends o f the  
* cords* th a t  lead  to  the oocy tes. F eu lg en -s ta in ed  se c tio n s  and squashes 
o f o v a rio le s  of N otoneota showed th a t  amongst the  tro p h ic  n u c le i ,  th e re  
a re  a  few whioh have dense Fe ulge r^ p o s i t iv e  d ro p le ts  and no n u c le o li .  
A utoradiographs showed th a t  th ese  p a r t i c u la r  tro p h ic  n u o le i do not 
sy n th es ise  RNA and I  suggest th a t  th ey  a re  'sp e n t tro p h ic  n u c l e i ' ,  the 
f a te  of which I  th e re fo re  co n sid e r to  be r e la t iv e ly  in c o n se q u e n tia l.
Bhandari and Nath (1930) s ta te d  th a t  the uoBlear c o n ten ts  o f the 
n u t r i t iv e  tubes pass along the ' n u t r i t iv e  ro o ts ' in  the form of a  l iq u id ,  
w hile G olgi elem ents pass along I n ta c t .  They fu r th e r  s ta t e  th a t  the  
broken down substances reappear a t  the d i s t a l  end of the ' r o o t s '  in  the  
form of th ic k  h y a lin e , g e la t in o u s , and s l ig h t ly  osm iophilio  f i b r e s ,  which 
they  c a l le d  'n u t r i t i v e  f i b r e s ' .  They were not ab le  to  s t a i n  these f i b r e s ,  
nor i s o la te  them from ru p tu red  eggs. Although they  were pussled  as to  the 
na tu re  of the  f i b r e s , th ey  suggested  th a t  they  were th e  most im portant 
food m a te ria l flowing: down the  'r o o t s '  from the n u t r i t iv e  c e l l s .  1 would 
sp ec u la te  th a t  the f i b r e s ,  whioh B handari and Nath d e sc r ib e d , were e i t h e r  
bunches of m ic ro tu b u les , o r  t r a c t s  o f ribosom al m a te r ia l l in e d  up by 
micro tu b u les  in  the  n u t r i t iv e  tu b es . I  do not th in k  th a t  G olgi m a te r ia l 
could  pass from the n u t r i t iv e  o e l l s  to  th e  oocytes and I  suggest th a t  the  
G olgi fo rm ations re fe r re d  to  w ere, once ag a in , m in ly  a t t r ib u ta b le  to  
ffiiorotttbules and ribosom es.
I  have estim ated  th a t  th e re  a re  about 20,000 n u t r i t iv e  c e l l s  and 
20 oocytes in  each o v a r io le . Tbs r a t i o  of po ly p lo id  n u t r i t iv e  c e l l s  to  
oocytes i s  th e re fo re  1000 s i .  I f  the  average le v e l  of p lo id y  in  the 
tro p h ic  mmclei i s  2$6, then  each tro p h ic  nucleus may be s a id  to  prov ide 
236 n u c le o la r  o rg a n is e rs , and each oocyte may th e re fo re  depend upon a  
supply of ribosom al RNA from 236,000 n u c le o la r  o rg a n ise rs .
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Brown and Dawld ( I 968) nave shown th a t  in  aa^ h lb lan  o o genesis , 
the n u o leo la r o r ribosom al genes a re  always sim plified roughly  to  the 
same e x te n t ,  re g a rd le ss  of the s is e  o f th e  n u o leo la r o rg a n ise r  in  a  
p a r t i c u la r  s p e c ie s . As a lre ad y  o u tl in e d , a m p lif ic a tio n  of the ribosom al 
genes i s  found w ith in  the  oooytes of some in s e c ts ,  b u t the  e x ten t o f th i s  
a m p lif ic a tio n  i s  no t y e t  known. Onoe e s tim ated , however, i t  w i l l  be 
in te r e s t in g  to  compare the  number of n u c le o la r  ozg an ise rs  w ith in  the 
oocytes of sp ec ie s  where a m p lif ic a tio n  of th ese  genes has taken  p la c e , 
w ith  the number of o zg an ise rs  r e l i e d  upon by each oocy te, by way of 
p o ly p lo id  n u t r i t iv e  c e l l s ,  i n  sp ec ie s  Where no such a m p lif ic a tio n  occurs.
Improvements in  p re p a ra tiv e  techn iques f o r  e le c tro n  m icroscopy, 
e s p e c ia l ly  the  in tro d u c tio n  of g lu ta ra ld eb y d e  as  a  p r e - f ix a t iv e ,  have 
enabled the o b se rv a tio n  of some c e l l u l a r  o zg sn e lles  which were not 
p reserved  w ith  o th e r  f ix a t iv e s .  One such ozganelle  i s  th e  m icro tubule .
In  1963 , S la u tte rb a c k  d e sc rib ed  sm all filam en ts  w ith  a  c e n tr a l  
reg io n  of low d e n s ity  in  the cytoplasm  of the ectoderm al c e l l s  of the  
ooe le n t  e ra  te  Hydra, and because of t h e i r  appearance he named these 
m ioro tubules. Since th en , these  o rg a n e lle s  have been observed in  a  wide 
v a r ie ty  of anim al and p la n t c e l l s ,  and th e re  a re  a  few re p o r ts  of 
in tr a n u c le a r  m icro tubules (Behnke A F o re r , I 966; Tucker, 196?)* Under­
s tan d a b ly , on re-exam ining o ld  e le c tro n  m iorographs, in v e s t ig a to r s  have 
been ab le  to  id e n t i fy  badly  p re se rv ed  m icrotubules in  t i s s u e  f ix e d  s o le ly  
w ith  osmium.
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Many o f the re p o r ts  of to lorotubules have been from p ro to sc a , 
where th e re  a re  d e sc r ip tio n s  of complex co n fig u ra tio n s  o f adcro tubu les 
form ing complete o rg a n e lle s . For in s ta n c e , the  axopods of H eliosoans 
a re  composed of a lig n e d  adcro tu b u les  (T iln ey  A B yers, I 969) ,  as a re  the 
c y t opharyngeal b a sk e ts  of c i l i a  te e  (T ucker, I 968) .  M icro tubules occur 
in  a  9 ♦ 2 p a t te rn  in  c i l i a  and f la g s l la e  (A fse liu s , 19591 Gibbons A 
G rim stone, I 96O} and a re  a lso  th e  only v i s ib le  component o f the  m ito tic  
sp in d le  (Roth A D a n ie ls , I 962 ; Gonatas A Robbins, I 964; B a je r ,  1968).
U n til  r e c e n t ly ,  a l l  m icro tubules were considered  to  be homologous, 
due mainly to  t h e i r  m orphological s im i l a r i t i e s .  The d iam eters  of tu b u le s  
v a r ie s  in  d i f f e r e n t  re p o r ts  between 18 * 23nm, bu t t h i s  can probably be 
a t t r ib u te d  to  d i f f e r s  noe a in  m easuring tech idques. However, expo rim ent s  
have shown th a t  ad cro tu b u les  in  d i f f e r e n t  s i tu a t io n s  have d i f f e r e n t  
s t a b i l i t i e s  (B urton , 1968; Behnke, 1970). Indeed , Behnke and F o re r ( I 967) 
have evidence f o r  fo u r  c la s s e s  of m iorotubules w ith in  in d iv id u a l c e l l s ,  
each c la s s  having a  d i f f e r e n t  s t a b i l i t y .  I n  a d d itio n , O lm sted, Whitman, 
C arlson  and Rosenbaum (1971) have found th a t  the two tu b u le s  in  the 
d o u b le ts  o f f l a g e l la s  of Chlamvdomonas aure d i f f e r e n t i a l ly  su sc e p tib le  to  
s o lu b i l i s a t io n  w ith  a  mild d e te rg e n t. B iochem ical a n a ly s is  sup p o rts  the 
su p p o sitio n  th a t  not a l l  m icrotidiulos a re  composed of the  same m a te r ia l.
The adcro tubu les  in  the tro p h ic  tubes of Notoneota have a  s im ila r  
appearance to  those f i r s t  d e sc rib ed  by G lau tte fback  (1963)* The packed 
m iorotubules a re  o r ie n te d  p a r a l l e l  to  the  long axes of th e  tu b e s , and 
a re  surrounded by ribosom es; b u t i t  i s  r a re  th a t  ribosoows make co n tac t 
w ith  the  tu b u le s . This g iv e s  the  ioq^ression th a t  in d iv id u a l m iorotubules 
a re  surrounded by a  'h a lo ' of e le c tro n  opaque m a te r ia l in to  wnioh the  
ribosom es do not encroach. A s im ila r  'h a lo ' has been noted  around tu b u les  
in  o th e r  c e l l s  (L ed b e tte r A P o r te r ,  1963; Maser A P h i lp o t t ,  I 964 ; S i lv e r  A 
M cKinstzy, 1967).
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There has been much apeoulation as to the nature of the 'halo* or 
'o le a r  asone*, and i t  has been suggested th a t th is  region may be the re su lt 
of shrinkage on f ix a tio n  (Maser & P h ilp o tt, I 964) .  However, Lane and 
Treheme (1970) found that i f  the axons from cookroach ganglia were fixed 
and stained with lanthanum hydroxide, instead of the usual preparative 
technique, tuen tne 'c le a r  3ones' around the tubules s ta in ed , as did th e ir  
oores. They oonoluded th a t the 'c le a r  sones' were rea l s tru c tu re s , 
probably composed of auoopolydaocharlde# Substantially  sim ilar s tru c tu ra l 
fea tu res are seen in  transverse and oblique frac tu res of miorotubules, in  
tha t tne walls of the tabulas are dark and the regions around individual 
tubules, and th e ir  cores appear l ig h t  in  shadowed rep licas .
ill though the freeze-etch  technique does not pi^ovido any evidence as 
to the ooKposition of the 'c le a r  zone ', uy observations indicate  th a t i t  i s  
a re a l s tru c tu re , and not an artifcust of f ix a tio n . C ertainly some authors 
have stressed  th a t miorotubules may have s tru c tu ra l components not shown by 
conventional f ix a tio n  and sta in ing  techniques (S ilver & McâCinstry, 1967; 
Forer, I 969) .
I  have omplqyed the freeae-etch  and negative s ta in ing  techniques so 
th a t I  oould coaqpare the appearance of miorotubules in  frozen fractured  
rep licas  of trophic tubes, with th a t of miorotubules which had been 
chemically fixed. Certain d ifferences were immediately apparent. In  
longitudinal sections of n u tr itiv e  tubes, tne miorotubules were fine ly  
wavy, whereas in  both the freeze-etched rep licas and the negatively sta ined  
preparations, the micro tubules appear s tra ig h t or only gently curved. I  
regard the stra igh tness to  be c lo ser to the true s itu a tio n , since i t  seems 
le ss  lik e ly  tha t wavy miorotubules would stra igh ten  than vice-versa. Jensen 
and B a je r  ( I 969) have a ttr ib u te d  a oorresptmding waviness of spindle mioro­
tubules in  the dividing endosperm c e l ls  of Haeaanthus. to a post mortem
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shrinkage of adjacent long chromosomes.
The Information regarding the substructure of miorotubules which 
was obtained from the examination of freeze-etched rep lica s , corresponds 
in  many respects with th a t gained from studies in  which the miorotubules 
had been subjected to chemical f ix a tio n . Gub-filaments have been observed 
in  the m i ls  of miorotubules a f te r  th in  sectioning (Ledbetter & P o rte r, 
1965) and a f te r  negative sta in ing  (André A Thieiy, 1963; K leffer, Sakai, 
So lari & Maala, I 966; B am loott, I 966) . Close exejalnation of ay oblique 
frac tu res  reveals sub-filam ents in  a sec to r of the wall of many mioro­
tubules. There has been speculation as to the number of a u b -fH au n ts  
w ithin the v.alls of miorotubules, but the freeiie-etch technique did not 
resolve th is  question, since the sub-filamento wwre never v is ib le  a l l  the 
m y round a single dorotubule. Ledbetter and Porter ( I 964) have used 
the photographic ro ta tio n a l reinforcement technique of Markham, Frey and 
H illa  (1963) to reinforce the image of miorotubules in th in  transverse 
sec tions, end concluded tha t there were probably I 3 sub-filam ents w ithin 
the walls of the plant miorotubules which they examined. Numerous studies 
of negatively stained miorotubules have reported d iffe re n t numbers of 
sub-filam ents in  the v a ils ,  varying from 10 -  I4  (see Behnke A Zelander,
1967) and i t  is  quite possible th a t adcrotubules in  d iffe ren t s itu a tio n s 
are composed of d iffe ren t numbers. In  my negatively stained preparations, 
where individual miorotubules had s p l i t  open, and presumably unfolded onto 
the g rid , 11 p ax alls l sub-filam ents could be counted.
Using the  f re e z e -e tc h  tech n iq u e , N orthcote and Lewis ( I 96 ) have 
observed m iorotubules beneath  the  plasmaletuma a t  the  'o y to p la ssd o  surface*  
of pea ro o t t i p  o e l l s  and recorded  th a t  the  ttd>ules showed a  d i s t in c t  
s t ru c tu re  along th e i r  le n g th , the n a tu re  of which wE&s no t d is c e rn ib le  w ith
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the  re s o lu tio n  they  imre ab le  to  ach ieve . Using the same technique to  
examine y e a s t  o e l l s ,  Moor ( I 967) has proposed a  m icrotidtule model w ith  
th e  w a lls  c o n s is tin g  of 4nn s u b -u n its  arranged in  a  double h e l ix ,  w ith  
th e  su b -u n its  a lig n e d  in  p a r a l l e l  rows corresponding to  the beaded 
su b -filam en ts  seen a f t e r  n eg a tiv e  s ta in in g ,  F ree se -e tch ed  re p l ic a s  
o f tro p h ic  tubes a lso  showed a  p e r io d ic i ty  of 4nm alon^ f r a c tu re d  mioro­
tu b u le s , e s p e c ia l ly  where the  f r a c tu re  bad occurred  through the  'c o r e s ' 
o f the  tu b u le s .
Although a l l  m ioro tubules appear m orphologically  s im i la r ,  th e re  i s  
c o n sid e rab le  evidence th a t  they  a re  no t n e c e s sa r ily  homogeneous. A part 
from t h e i r  d if fe re n c e s  in  s t a b i l i t y ,  whioh have a lre a d y  been d iscu ssed , 
b iochem ical s tu d ie s  have shown th a t  tu b u le s  in  d i f f e r e n t  s i tu a t io n s  may 
have d i f f e r e n t  com positions. Tamura (1971) has i s  la te d  d i f f e r e n t  
p ro te in s  from d i f f e r e n t  m io ro tubu lar o rg a n e lle s  in  th e  pro tozoan  Tetrahvmena 
p y rifo rw is  and O lm sted, Witman, C arlso n  and Rosenbaum (1971) using 
s o p h is tic a te d  g e l  e le c tro p h o re tic  te ch n iq u es , have s e p a ra te d  d i f f e r e n t  
p ro te in s  from the  do u b le t ad cro tu b u les  of the f l a g e l la s  of Chlaaydonopas. 
and shown th a t  eao tubu le  i s  composed of more than  one p ro te in . In  
a d d it io n , i t  has been shown th a t  the p ro te in  from m ioro tubules i s  d i f f e r e n t  
t c t t h a t  from n eu ro filam en ts , bo th  of which were I s o la te d  from the axons of 
squ id  (Huneeus & D avison, 1970; Davison A Huneeus, 1970).
In  c o n t r a s t ,  some evidence l in k s  m iorotubules w ith  m icrofilasM nts 
and r a is e s  th e  p o s s ib i l i t y  th a t  they  a re  in te ro o n v e r tib lo . M lorofilam ents 
have been equated w ith  the su b -filam en ts  i n  the w a lls  of m iorotubules 
because they  a re  a  s im ila r  s is e  and a ls o  because masses of m icrofilam ents 
have been found in  the cytoplasm  of c e l l s ,  recovering  from th e  e f fe c ts  of 
the  a n t i - m ito t ic  drug v in b la s t in e  su lp h a te , where m iorotubules were p re sen t 
o r ig in a l ly  (K rishan , I 968) .
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As th s  in fo rm ation  reg ard in g  the o o u ^ s l t lo n  or m lorotubules 
In c rease s  9 th e re  i s  g a th e rin g  evidence as  to  the way in  which th ey  a re  
formed* Micro tu b u le s  may be many microns in  le n g th , and a re  c e r ta in ly  
lo n g e r than can o f te n  be seen in  lo n g itu d in a l sec tions*  In  the n u t r i t iv e  
tu b e s , where th e re  were inpush ings in to  the  tu b e s , n ic ro tu b u le s  were 
sp arse  a t  the edges of the in p u sb in g s , b u t compact a t  t h e i r  a p ic e s , whichi
su g g ests  th a t  the tudhules were lo n g e r th an  th s  sh o rt le n g th s  which were 
v is ib le *  P o ss ib ly  in d iv id u a l m iorotubules extend th e  len g th s  o f the 
n u t r i t iv e  tubes. C e r ta in ly  in  some m io ro tubu lar o rg a n e lle s  of p ro to zo an s, 
the  tu b u le s  run the whole le n g th  of the  s tru c tu re  (Tuoker,
The qu estio n  a r i s e s ,  a t  what p o in t o r  p o in ts  a long  th e i r  len g th s  do 
odcro tubu les grew? In  a  s e r ie s  of ingen ious experim ents, Rosenbaum and 
C arlson  ( I 969) showed th a t  the  f la g e l l a s  of Chlagydomonas 'grew* from 
b a sa l bodies by a  p o ly m erisa tio n  of tubu le  s u b -u n its ,  which a t ta c h  to  the 
ends o f each tubule* They have a ls o  shown th a t  th e re  i s  a lim ite d  'pool* 
of su b -u n its  w ith in  the o e l l  body o f the animal* Tucker (1970a) has a ls o  
suggested  th a t  there  i s  a  p o ly m erisa tio n  o f tubu le  su b -u n its  onto the  
growing end of oytopbaryngeal b ask e ts  of o i l i a t e s , and su g g ests  th a t  the 
su b -u n its  a re  th e  e lec tro n -d en se  m a te r ia l v i s ib le  in  e le c tro n  m icrographs, 
a t  the  ends of th e  baskets* S tephens (19&9) bas re p o rte d  a s im ila r  
o b se rv a tio n  in  an ^  v i t r o  system , where tubu le  su b -u n its  a re  assembled 
on a  *aeed* of m iorotttbule which was in troduced  in to  the s o lu tio n  of 
sub -un its*
In  a  te lo tro p h io  ovary th e  n u t r i t iv e  tubes e longate  as th e  oocytes 
in c re a se  in  s iz e  and p ro g ress  down the ovariole*  T his leng then ing  of 
the  n u t r i t iv e  tubes must n e c e s s i ta te  the assembly of m ioro tubu lar m a te r ia l ,  
s in ce  the n u t r i t iv e  tubes a re  packed w ith  m io ro tubu les, re g a rd le s s  of t h e i r  
length* At p re sen t I  have no evidence regard ing  the  growth of m iorotubules 
w ith in  the  n u t r i t iv e  tubes* However, i t  i s  u n lik e ly  th a t  m iorotubules
grow a t  a l l  points along th e ir  longtha, as ths diameter of tha tubules 
is  re la tiv e ly  oonstant; and beoauae the n u tritiv e  tubas do not contain 
s truc tu res suoh as oentrio lea or basal bodies, on which miorotubules ars 
known to  assemble (Nicklas, 1970), the tubules could ^row a t  e ith e r  oM, 
or both ends*
I  have observed C shaped tubules in  n u tritiv e  tubes a f te r  treatment 
with the an tim ito tic  drug, colchiclnef and Bahnke ( I967) tias described 
sim ila r 'tubules* in  c e lls  recovering f r  mi treatment with cold. However,
I do not think th is  re f le c ts  on the normal mode of growth of miorotubules;
Two main fu n c tio n s  have been a t t r ib u te d  to  m ioro tubules. They a re  
g e n e ra lly  thought to  be s k e le ta l ,  invo lved  in  the  m aintenance of o e l l  
asaym etiy , and to  be a sso c ia te d  w ith  the  movement of c e l l s  and w ith in  c e l l s  
(see  review , P o r te r ,  I 966) ,
Miorotubules are invariably  found in  outpushinge of c e lls  and a ie  a 
general feature of assym etrioal c e l ls ,  where they are usually aligned p a ra lle l  
to  the axis of assymetxy. For example, they are found in  neural plate o e lls  
(Waddington & Perry, I 966; Handel à  lo th , 1971)# nerve processes (doldaan#1970; 
Yamada, Spooner & W cssells, 1970), axopods of heliosoans (Tllney & P o rte r, 1965) 
and the oytoplasado processes of plgement co lls  (û ik le , Tilney & P o r te r ,l966) . 
In  some of these oases, the miorotubules have been destroyed with an tim ito tic  
drugs and the re su lt has been invariably  a loss of o e ll assynetry*
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The m iorotubules in  th s  n u t r i t iv e  tubes of te lo tro p h io  ov&rles may 
have a  s k e le ta l  r o l e ,  in  th a t  th e i r  presenoe p rev en ts  the  oo llapae  of 
th e  tubes and tnua m ain tains a  passage f o r  the m igrating  ribosom es. In  
a d d i t io n ,  i t  i s  p o ss ib le  t h a t ,  due to  th e i r  alignm ent and o lo se  p ro x im ity , 
the  m iorotubules a o t as  a  s iev e  whioh r e s t r i c t s  o th e r  oytoplasado oomponents, 
such as  m itoohondrla, from e n te r in g  and clogging the tubes#
The m iorotubules a re  probably  a lso  involved  in  the movement of the 
ribosom es along the n u t r i t iv e  tu b es. There are  numerous o th e r  examples of 
m iorotubules occurring  in  channels of oytoplasm io flow . B itc le , T ilney  & 
P o r te r  ( I 966) found m iorotubules in  the  p rocesses of w lan o p h o re s , a long  
which the  pigment g ran u le s  m igrate in  b o th  d ir e c t io n s ,  and suggested  th a t  
th e re  may be two c la s s e s  o f m ioro tubules in  eaoh t r a c t ,  s in ce  the  g ran u les  
m igrate in  both  d ir e c t io n s .  T iln ey  and P o r te r  (19^3) observed the m ig ra tion  
o f p a r t i c le s  along the  oomplex of m iorotubules in  the axopodia of H elio soans. 
O ther re  o r ts  inc lude  m iorotubules in  the stream ing t r a c t s  of the ooenooytio 
marine a lg a  C aulerpa p r o l i f é r a  (S abnis & Jao b b s , 1967) end aas^y d e sc r ip tio n s  
of tu b u les  in  the axonal flow  reg io n s  of neurones of d i f f e r e n t  anim als 
(K reu tsb erg , 19&9; F i s t ,  D u tton , Barondes & S h e lan sk i, 1971S F ernandes,
Burnt on & Samson, 1971» S Jo s tra n d , F r i s e l l  & H asse lg ren , 1970)* In  some o f 
th e se  é tu d ié s , where th e  nervous t i s s u e  m s  t r e a te d  w ith th e  d rug , c o lc h ic in e , 
th e  m iorotubules w ith in  the axons wore d estro y ed , and trie rs  was a  blockage 
of axonal flow  (K reu tzberg , I 969; S jo s tra n d , F r i a e l l  & X isao lg ren , 1990) .
Holmes and Choppin (1968) found th a t  when a  syncitium  was induced from 
c u ltu re d  c e l l s  by the a c t io n  of a  v i r u s ,  the  n u c le i m igrated  to  the cen tre  
a long t r a c t s  of m iorotubules and they  lik ew ise  found th a t  trea tm en t w ith  
c o lch ic in e  h a lte d  the movement of the  nuolei#
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These examples show th a t  th e re  i s  a  re la t io n s h ip  between mioro­
tu b u le s  and movement, and eb iienoe from those system s t re a te d  w ith  
o o lo h io in e , th a t  the m iorotubules a re  e s s e n t ia l  f o r  uiovemsnt. However, 
the q u estio n  s t i l l  rem ains, do the m iorotubules cause o r  m erely fao i l i t a t e  
th e  movement? T his qu estio n  i s  d i f f i c u l t  to  answ er, and n e c e s s i ta te s  a  
sea rc h  f o r  an a c tu a l  method of movement invo lv ing  m iorotubnles.
F reed  and Lebowits (1970) have found s a l ta to r y  movements a sso c ia te d  
w ith  m iorotubules in  c u ltu re d  c e l l s  and proposed th a t  movement of the 
m ioro tubules could squeeze the  cytoplasm  along th e i r  t r a c t s ,  much as f in g e r s  
around a  tube of too thpaste#
The main reason  f o r  my looking c lo s e ly  a t  the  u l t r a s tru o tu r e  of the 
components of the tro p h io  tubes was to  look  f o r  p o ssib le  outbranchings 
o r  connections between th e  m iorotubules and th e  ribosom es. M icrotubule to  
mioro tubu le  c ro ss  connections have been  re^oorted in  a  number o f s i tu a t io n s .  
They a re  seen in  the  axone mes o f H eliosoans (T iln ey  & B y ers , 1969; R oth , 
P ih la ja  A Shigenaka, 1970). They connect some of the  m iorotubules in  the 
oytophazyngeal b ask e ts  o f o i l i a t e s  ( fu c k e r , I 968) and th e  ax o sty le s  o f 
f l a g e l l a t e s  (Grimstone & C leveland , I 965) .  Whexw t h i s  i s  th e  c a s e , i t  i s  
g e n e ra lly  accepted  th a t  th e  b ro ss -b rid g e s  fu n c tio n  to  hold the tu b u le s  
to g e th e r , thus prov id ing  r i g i d i t y ,  and there  i s  some debase as  to  w hether 
the  o##^s connections sp e c ify  the  arrangem ent of th e  tu b u le s  w ith in  the  
oomplex (T iln ey  & B yers, I 969; R oth , P ih la ja  & Shigenaka^1970; Tuoker, 
1970b ) .  There a re  a  few re p o r ts  of arms o r c ro ss -b r id g e s  which seem to  
l in k  m iorotubules to  p a r t i c le s  which move a longside them. P icke tt-H eaps 
and N orthcote ( I 966) have noted  connections lin k in g  v e s ic le s  of the smooth 
endoplasm ic re ticu lu m  to  sp in d le  tu b u le s  in  wheat meristem  o e l l s ,  and 
Smith ( 1971) has d esc rib ed  b rid g es  whioh jo in  sy n ap tic  v e s ic le s  to  neuro- 
tu b u le s  in  the axons o f lam preys. Tucker (1972) has obsetved rows of arm-
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b e a r in g  a lo ro tu b u le s  l in in g  the suoking m outhparts of o i l i a t e s  and has 
suggested  th a t  th e  arms are involved  in  th e  p ro p u ls io n  of m a te r ia ls  
a longside  th e  tubules#
3m it# , J a r l f o r s  and Beranek (1970) propose th a t  the  o ro ss-b rid g e s  
between neuro tubules and sy n ap tio  v e s ic le s  could be a  c lu e  to  the  meohanism 
of movement of th e  v e s ic le s#  They te n ta t iv e ly  suggest th a t  th e i r  
o b serv a tio n s  support a  hypo thesis  of Sohm ltt and Samson ( 1 969) whioh 
proposes th a t  a  a d o ro tu b u le -p a r tio u la te  a s s o c ia tio n  i s  fu n c tio n a lly  and 
perhaps b io c h en io a lly  comparable w ith  the  m yosin-aotin  in te r a c t io n  of 
mi o ro filam en ts  and may be re sp o n sib le  f o r  moving c e r ta in  oomponents along 
the  axoplasBU
I  was not ab le  to  d e te c t  coy c ro s s  connections o r  attachm ents to  
m iorotubules in  my n e g a tiv e ly  s ta in e d  p repara tions#  This could  be due to  
the inadequacies of the i s o la t io n  and s ta in in g  procedures, s in ce  th e re  i s  
evidence t h a t ,  in  c i l i a  and f l a g e l l a s ,  th e re  a re  changes in  the  mioro­
tu b u le s  fo llow ing  n eg a tiv e  s ta in in g  w ith  phosphotungstin io  a c id  (H enley, 
1970)# On the o th e r  hand, r a d ia l  l in k s  a re  c le a r ly  v i s ib le  from n e g a tiv e ly  
s ta in e d  doub le t tu b u le s  of sperm f la g e l l a s  (W arner, 1970)#
The b r id g e - lik e  s t r u c tu r e s  between the  m ioro tubu les, and a lso  th e  
p ro je c t io n s  from in d iv id u a l tu b u le s  seen  in  my fre e z e -e tc h e d  r e p l ic a s ,  
may be fu n c tio n a lly  im p o rtan t, w hile on th e  o th e r  band, they  may be 
sim ply e u te c t ic  s t r u c tu r e s ,  a r is in g  as  a  r e s u l t  of ic e  c r y s ta l s  growing 
between th e  mAorètubules.
The s t r ik in g  fe a tu re  cf th e  a s s o c ia tio n  between m iorotubules and 
cytoplasm ic movement i s  the co n sid e rab le  d iffe re n c e  in  the  n a tu re  and o ize 
o f the  o rg a n e lle s  which move# F o r exam ple, ribosomes of approxim ately  
10nm pass along n u t r i t iv e  tubes in  te lo tro p h io  o v a r ie s , m elanin g ranu les 
o f 0#5p# move along  the  p ro cesses  o f the  melanophores o f the  f i s h
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Fundulu» (B lkle, Tilney Sx P o rte r, 1966} and in  v irus induoed sy n o itia , 
nuolei of 1 0 ^  trav e l al«%  tra c ts  of miorotubules (Holmes & Choppin,
1968) .
Beoause of the lack of aqy obvious unifying feature  between these 
s tru c tu res  which move along tra c ts  of miorotubules, I  consider i t  lik e ly  
th a t there i s  a fundamental mechanism of movement whioh i s  independent of 
any property of the moving p a r tic le . For instance, the %)articleB, wnioh 
move, may simply a ttach  to the 'sleeve* or * c lea r sons' whioh ex is ts  
around eaoh tubule and th is  sleeve may move down the tubule , possibly 
ratcheting  i t s e l f  along in  a way ooo^arable to the ao bay os in  in te rac tio n  
of s tr ia te d  muscle# C erta in ly , so t in - l ik e  proteins have been found in  the 
neurotubules of squid (Davison St Huneeus, 1970) and in  the tubules of 
c i l i a  and flagellao  (kenaud, Rowe St Gibbons, 1966} Sbelanskl & Taylor,
1968; Stephens, 19&Ü)#
The arrangement of adcrotubules in the trophic core and n u tr itiv e  
tubes render these s tru c tu res  b iré frin g en t, as has been sosn with m itotic 
spindles (Kioklas, 1970)# Although there i s  a co rre la tio n  between tbs 
presenoe of miorotubules and the observation of b irefringence, i t  i s  not 
known what contribution the tubules make to the to ta l  birefringence#
Forer (1969) has urged caution in  the a ttr ib u tio n  of birefringence to 
miorotubules alone and Goldman and Rebhun (1969) investigating  tbs struc tu re  
and propoerties of the iso la ted  m itotic apparatus, a lso  warn against too 
s t r i c t  a c o rre la tio n , since considerable birefringence remained once the 
spindle miorotubules had been destroyed# They suggest th a t the * residual 
b irefringence ' may be due to the alignment of the surrounding matri* 
material#
?
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I t  bas been known f o r  eone time th a t  co ld  trea tm en t (Inoué, 1932a;
Goode, 1967) and the  drug ooXchioine (In o u é , 1932b; Behnke, 1963;
B rin k le y , S tu b b le f ie ld  & Hsu, 19&7) a r r e s t  m ito s is  a t  th e  metaphase s tag e  
o f o e l l  d iv is io n  by d e stro y in g  the  m ito tio  sp in d le , and b o th  trea tm en ts  
have been w idely used in  the exam ination of chromosomes, whioh a re  most 
e a s i ly  s tu d ied  a t  t h i s  stage* 3inoe the  morphology of the  m iorotubules 
o f the m ito tio  sp in d le  i s  s im i la r  to  th a t of o th e r  cy toplasm ic m icro- 
tu b u le s , I  decided to  determ ine w hether trea tm en t o f the o v a r io le s  of 
N otoneota w ith  co ld  and oo lch io in e  destroyed  the  tu b u le s  in  the n u t r i t iv e  
tubes*
In c re a s in g  c o n cen tra tio n s  of o o lo h ic in e  had g r e a te r  d e s tru c tiv e  
e f f e c t s  on the b ire fr in g e n c e  o f o v a r io l  s ,  and co ld  tre a tis e n t reduced 
the b ire f r in g e n c e , a lth o u g h  i t  was never e lim in a ted  a l to g e th e r  by cold* 
E le c tro n  m icrographs of o v a rio le s  t r e a te d  w ith  o o lch io ine  showed th a t  the  
drug destroyed  the tubules*
The c o n ce n tra tio n s  of oo lo h io in e  re q u ire d  to  d e stro y  m iorotubules in  
d i f f e r e n t  s i tu a t io n s  v a r ie s  enorm ously, b u t th i s  could  be due to  d if fe re n c e s  
in  p e rm eab ility  of the surrounding  cytoplasm , r a th e r  than a  d iffe re n c e  in  the  
s t a b i l i t y  of d i f f e r e n t  tu b u le s  to  th e  drug* In  o v a rio le s  t r e a te d  w ith  
o o lc h io in e , the b ire fr in g e n c e  d isap p ea rs  f i r s t  from the  troph io  re g io n , 
and l a t e r  from the troph io  tubes* In  tn i s  in s ta n c e , r a th e r  th an  r e f le c t in g  
a  d iffe re n c e  between th e  m iorotubules in  th e  two re g io n s , I  th in k  i t  more 
l ik e ly  to  be a  consequence of the  r e la t iv e  im perm eability  of the w a lls  o f 
the n u t r i t iv e  tubes to  oolohioine*
A number of trea tm en ts  o th e r  than  co ld  and o o lch io in e  have been found 
to  d estro y  odcrotubules* Kennedy & Limmerman (1970) have found th a t  
h y d ro s ta tic  p ressu re  d e s tro y s  the m iorotubules of Tetrahvrnena p y rifo rm is*
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Miorotubules In the axopodia of Hellozoana have a lso  been found to 
suooumb to pressure (T ilney, Hlr&moto & Marsland, I 966) ,  as well as 
treatm ent with urea (Shigenaka, Roth Ss P lh la ja , 1971) and inhala tional 
anaesthetics (A llison , Hulands, Nunn, Kltohlng St llaoDonald, 1970)*
Most of the in te re s t  and importaiwe attached to the investigation  
of the e ffec ts  of an tim ito tlo  agents on miorotubules stems from the fa c t 
th a t ,  apart from supplying clues as to the homology of d iffe ren t mioro­
tubules, they are proving invaluable too ls  fo r  research in to  the mode of 
assembly, the chemistry and the function of microtiR>ules*
At the time I  s ta rted  to investigated  the e ffec ts  of an tiod to tio  
agents on the miorotubules in  the ovarioles of Notoneota. there were a t  
le a s t two reports of an an tim ito tic  agent, v inblastine sulphate, whioh, in  
addition to dcstrqying miorotubules, induoed c ry s ta l in  the cytoplasm of 
trea ted  cells* These c ry s ta ls  had been found in  the cytoplasm of 
mammalian c e lls  (Bensoh & Malawista, I 968 St I 969) and a lso  in  the oocytes 
of s ta r f is h  (Malawista & Sato , 1)69; Malawista, Sato, Creasey & Bensoh,
1969) a f te r  treatment with vinblastine* Both reports supposed th a t the 
c ry s ta ls  were composed from the breakdown product of miorotubules, and 
Bensoh and Malawista ( I 969) ac tu a lly  called  them miorotubular crystals*
The In te re s t in  th is  drug centred around the c ry s ta ls  which i t  Induced, 
since i t  was thought th a t iso la tio n  of the c ry s ta ls  might provide a source 
of pure miorotubular material*
With th is  background, I  decided to inv^jstigate the e ffec ts  of 
v inblastine on the miorotubules in  the n u tritiv e  tubes uf Notoneota* 
V inblastine destroyed the birefringence in  ovario les, as did treatment 
with cold and oolohicine* E lectron micrographs of n u tr itiv e  tubes, 
trea ted  with v in b lastin e , shiiwd th a t increasing ocmoentrationa of the
Vf: .
drug had g rea te r destructive  e ffe c ts  on the ulorotubules, and a lso , 
a mewhat su rp rising ly , on the ribosomes. C rystalline s truc tu res  were 
induoed in  the trophio core and n u tritiv e  tubes and to  a lease r extent 
in  the n u tritiv e  o e lls  and f o l l ic le  c e l ls .  These c ry s ta ls  were sim ilar 
to  those reported in  sammalian a i^d eohinodora o e lls  (Bensoh 6 Malawista,
1968; Malawista & Ja to , I 969) ,
A number of jy observations support the idea of an interoonverslon 
of tubules to o ry s ta ls . F i r s t ,  microtubules disappeaxwd as c ry s ta ls  
formed, and seoondiy, a t  c e rta in  concentrations of v in b lastin e , and with 
d iffe ren t times of treatm ent, miorotubules wore found adjacent to c ry s ta ls  
and in  some instances even surrounded by them. The answer i s  by no kkans 
c le a r , however, since ribosomes aro a lso  destroyed by v inb lastine  and are 
replaced by c ry s ta l la t t ic e s .  And there are regions of ovarioles trea ted  
with v inb lastine , where ribosomes are seen aligned in  precise rows a t  the 
ends of o ry s ta ls , A sim ila r alignment of ribosomes has been observed by 
Krishan and Hmu (19&9) the cytoplasm of o e lls  exposed to v inb lastine .
These observations indicate  th a t i t  i s  quite possible tu a t the 
ribosomes, or a ribosomal condonent, may bo involved in  the fondation of 
the o ry s ta ls , although i t  i s  most unlikely tha t the o ry sta ls  are forswd 
from ribosomes alone, since the oocytes o£ Notoneota ra re ly  contain o ry s ta ls , 
a f te r  treatment with v inb lastinu , although they aro packed with ribosomes. 
Nonetheless, thezw are oases where ribosomes aggregate to form c ry s ta l- lik e  
s tru c tu res  (Byers, I 966) and a lso  reports of ribosomes forming tisliool 
configurâtions in  c e lls  trea ted  with v inb lastine  and v ino ria tine  sulphates 
(Kingsbury à  Voels, I 969# Krishan & Hsu, 1969)*
The composition of the c ry s ta ls , which are induoed by v in b lastin e , 
remains unknown, Krishan and Hsu (1971) have demonstrated autoradio- 
graphioally th a t the c ry s ta ls  w ill bind co lchicine, a drug known to 
in te ra c t with iso la ted  adorotubule p ro tein . From my observations, i t  seems
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lik e ly  tha t the oiystftla  are formed from miorotubules, but ndcrottd^ulesf
arc probably not the only component involved in  c ry s ta l fbroation.
Although the composition of the o iyata la  is  not ye t known, there are
Glues as to  th e ir  mode of assembly* In  th is  respeot, I  regard the
precise o rien tation  of the c ry s ta ls  in  ovarioles as Important* In  
s itu a tio n s  where microtubules are arranged in  p a ra lle l masses, as In  the 
n u tr itiv e  tubes and the trophic core, and c ry s ta ls  have th e ir  long axes 
sim ila rly  aligned* In c entrast ,  where there is  no obvious alignment of 
microtubule8, as in  the n u tritiv e  c e l ls  and fo l l ic le  o e l ls ,  the c ry s ta ls  
are tandomly oriented*
Secondly, oy observations alww th a t i f  the sdcrotubulos renmln in tao t 
a f te r  pretreatment with low concentrations of oolohioine, then treatment 
with v inblastine induoed the form atlr# of oxystals composed of regular 
hexagonal sub-units. I f ,  hmvever, pretreatment with oolbhloine destroys 
the miorotubules, c ry s ta ls  do not form on the additioi of v in b lastin e , and
the tijhes contain aggregates of le ss  organised m aterial. Sim ilar aggregates
have been observed in  the n u tr itiv e  tubes of J^hodnlus, another hemlpteran, 
a f te r  treatment with v inb lastine  alone (Huebner Sk Anderson, 1970) and 
Krishan (1970) has described * ribosome granular m aterial* , as well as 
regu lar c iy s ta ls , in  mammalian c e lls  exposed to the drug*
The observations are open to two obvious in te rp re ta tio n s . The lack 
of c iy s ta ls , a f te r  ore treatment with oolohioine and then v in b lastin e , could 
be due to the absence of the odcrotubules, whioh may act as a template or 
skeleton, or even as a seed on which the sub-units asseW)le, much as micro- 
tubule fragments in i t ia te  the reconstitu tion  of tubules from a solution of 
sub-units (Stephens, 19&9), A lterna tive ly , i t  i s  possible that the binding 
of high oonoentrations of oolohioine to  the sub-units of the miorotubules 
may in te rfe re  with the manner of binding of v inblastine whioh normally
J
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produoeè G iyatals. Bloohoadcal evidence suggests th a t oolohiclm  and 
vinbloatine do not ooapete fo r  binding s i te s  on Biicrotubule protein  
(Wilson & Friedkin , I 967; Creasey & Chou, I 968).
Clearly the presenoe of in tao t miorotidaules i s  e sse n tia l fo r the
assembly of regular shaped o ry s ta ls , and X suggest th a t i f  the mioro­
tubules are not present then the c ry s ta l oomponents have nothing on wtiioh 
to asseüble, and bsoomo evident as the loose feathery  m aterial whioh 
aggregates in  the tubes. Perhaps ttw aggregation of loosely paoked 
m ateria l, as well as regular c ry s ta ls , in  the n u tritiv e  tubes of Rnodnias 
a f te r  treatment with v inblastine (Huebner & Anderson, 1970) may be due to 
the soaroity  of miorotubules w ithin c e rta in  areas of the tubes.
Beoauao of the observations of c ry s ta ls  in  tis su es  a f te r  exposure to
v in b la s tin e , and the inference th a t the c ry s ta ls  ware, a t  le a s t  in  p a r t , 
miorotubular, the question arose -  could oiy^stals be produced in  v i t r o , 
and thus allow the co llec tion  of microtubular m aterial fo r  bioohomioal 
analysis? Supernatants of homogenatos of cvaries of Notoneota beo&me 
cloudy when trea ted  with v in b la s tin e , and a sim ilar p reo ip ita tion  has been 
reported by a number of groups of researchers (Majrantz, V en tilla  & 
Shelanski, 1969# Bensoh, Wisniewski S* Shelanski, I969» Olmsted, Karlson, 
Klebe, Rudd e & Rosenbaum, 1970), a l l  of whom sta ted  tiia t odorotubule 
p ro te in  had bten p rec ip ita ted . Naruntz ard dhelanski (1970) claim to have 
observed miorotubular c ry s ta ls  ^  v i t r o , by elcotrcai adcrocoopy, l# t  qy 
investigation  of the white v inb lastine  p rec ip ita te s  by negative stain ing  
and th in  sectioning revealed no evidence of c ry s ta ls ; which i s  p rec ise iy  
as .night be expected i f  in tao t miorotubules are e ssen tia l fo r  the naso Jbly 
of c ry s ta ls .
In  my experiments, v inb lastine  p rec ip ita ted  microtubule p ro te in , 
which had been iso la ted  by the oolohioine binding technique uf Borisy and
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Taylor (1967)# This suggests th a t the two drugs bind to d iffe ren t 
s i te s  on the monomer. In  addition to  p rec ip ita tin g  the oolohicine 
binding frac tio n ,' v inb lastine  a lso  caused cloudiness in  setae of the 
o ther protein  f ra c tio n s , indicating  th a t vinblastine d^es not p rec ip ita te  
sp e c if ica lly  micro tubule p ro te in , as m s  o rig ina lly  supposed, fu rth e r­
more, e lectrophoretic  analysis of the white px-ecipifete, formed on tiie 
addition  of vinbl^jntine to  hoaoganates of whole ovaries, showed tiia t there 
were a number of proteins in  the reso lub ilised  p rec ip ita te  and that one 
of these oouigratcd with microtubule protein  iso la ted  from the flag e lla#  
of Chlaiaydcmonas.
Since I  perform ed th i s  p a r t  of ay s tu d y , Wiesenberg and Timas hex f  
( 1970) and W ilson, Ruby and tia s la  (1970) i^ve d isoovered  th a t  tîie p re c ip i­
ta t in g  e f f e c t  of v in b lb s tin e  on th>. ndcrotubulo p ro te in  i s  loitaiokod by 
d iv a le n t c a t io n s , such as  oalciU B, and th a t  m ic ro tib u le  p ro te in  i s  not 
p r e c ip i ta te d  a c o i f io a l ly .  More r e c e n t ly , R aff, G reenhouse, Gross and 
Gross ( I 971) have found th a t  the  p re c ip i ta t io n  of m iorotubule p ro te in  by 
v in b la s tin e  i s  g p eo iflo  i f  the p re c ip i ta t io n  i s  oarrJ.ed out a t  0®G i% ther 
than  a t  room tem perature.
The telotrophio  ovaxy has proved to be an excellent system fo r  the 
investiga tion  of various aspects of the biology of miorotubules. The 
experiments with drugs and radio iso topes, performed to date , have e ith e r  
involved the in jec tio n  of the substances in to  live  anim als, o r the bathing 
of excised ovaries fo r  lim ited  periods in  a Ringer so lu tion . I  oonsidered 
th a t an Jl^  v itro  culture technique fo r  telotrophio ovaries would f a c i l i ta te
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more d e ta iled  examination of the action  of an tim ito tic  drugs and the 
incorporation of labelled  compounds under s t r i c t ly  contro lled  conditions. 
Suoh a technique has been described in the methods section  of tn is  th e s is . 
The a b il i ty  to culture  sucoeosfully the telotrophio ovary expands consider­
ably the usefulness of th is  organ in  the study of t^w stru c tu re , function 
and assembly of odcrotubules; and is  being used to investigate  the 
recovery of the miorotubular system within the ovaries a f te r  treatment 
with an itm ito tic  agents.
ro
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SUMMARY
The te lo tro p h io  ovary of N otoneota g lauoa g lauoa oonaiate  
of 7 o v a rio le s . Each o v a rlo le  oom prisea, from f ro n t  to  r e a r ,  a  
te rm in a l f ila m e n t, a  tro p h ic  re g io n , a  p r e - f o l l io u la r  re g io n , and 
a  s e r ie s  of 10 to  15 f o l l i o l e s  of p ro g re ss iv e ly  in c re a s in g  s i s e .
The tro p h ic  reg ion  i s  luxgsly  s y n c y tia l  and i s  made up of p o ly p lo id  
tro p h ic  n u c le i packed around a c e n tr a l  tro p h ic  co re . The cytoplasm  
01 the tro p h io  core i s  continuous w ith  the cytoplasm  of each oocyte 
through a  system of tro p h ic  tu b es . There i s  one tro p h ic  tube per 
o ocy te . The tru p tiic  n u c le i  nave la rg e  n u c le o l i .  Tiiere a re  a  few 
sm all n u c le o li  in  tne  oocyte n u c le i .  The cytoplasm  of the tro p h ic  
c o re , the tro p h io  tu b e s , and the oocytes i s  r io h  in  HliA. A uturadio* 
graphs of s e c tio n s  of o v a r io le s  f ix e d  2 h a f t e r  in je c t io n  of 
% -u r id in e  in to  anim als show la b e l  over th e  tro p h io  n u c le i  on ly .
B h au toradlogi'apns show heavy la b e l l in g  of the tro p h ic  re g io n , 
la b e l  ovLr the f ro n t  ends of the tro p h ic  tuoaa , bu t l i t t l e  la b e l  over 
the p o s te r io r  reg ions of the  tubes o r  the  oocyte cytoplasm . L a te r  
au to rad iographs in d io a te  th a t  la b e l g rad u a lly  spreads baoKwards from 
the  tro p h io  o o iv , along the tro p h ic  tubes and p ro g ress iv e ly  b u ild s  
up in  the oocyte cytoplasm . These o b serv a tio n s  a re  thought to  in d ic a te  
sy n th e s is  of Rua in  t  hw tro p n ic  reg io n  and movement of Rl.'A from the 
tro p h ic  core a long the  tro p n ic  tubas to  tne oocy tes. The troph io  core 
and tubes snow b r i l l i a n t  p o s it iv e  form b ire fr in g en c e  w ith  re sp e c t to  
th e i r  le n g th s . This b ire fr in g en c e  can be reduced by keeping anim als a t  2 0 
f o r  12 hours, and e lim in a ted  by p lac in g  o v a rio le s  in  c o lch ic in e  fo r  
6 hours. E laotronm icrograpns of th in  se c tio n s  of o v a rio le s  show th a t 
tro p h io  oors and tubes a re  densely  and uniform ly packed w ith ribosomes
— 2 —
and m ioro tubules. The l a t t e r  a re  l in e d  up along the tro n h io  tubes. 
There a re  about 30,000 m iorotubules ev id en t in  a  T3 through a  tro p h io  
tube 1 3 ^  wide. Lengths o f m ioro tubules up to  2pm have been observed. 
Ribosomes a re  packed between the  m ioro tubules bu t a re  excluded from 
reg io n s  where th e  spaoing between ad jao en t m iorotubules i s  le s s  than 
25nm. The o o n tr ib u tio n  of th e  tro p h io  re g io n  to  the oooytes and tr»  
ro le  of the  m iorotubules in  m ain ta in ing  o r  f a o i l i t a t i n g  the movement of 
ribosom es along the tro p h io  tubes i s  d iscu ssed .
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UTTHCDUCTICN
The d is t in c t iv e  fe a tu re  of a  m ero is tio  in se o t o v a rlo le  i s  th a t 
i t  o o n ta in s  f o l l i o u l a r  e p i th e l i a l  o e l l s ,  growing oooy tes, and 
n u t r i t iv e  o e l l s  o r  irophooy tes. In  a  te lo tro p h io  ovary , as found 
f o r  example in  th e  ''baokswiuoter'* N otoneota. eaoh o v a rlo le  com prises, 
from f ro n t  to  r e a r ,  a  te rm ina l f ila m e n t, a  tro p h ic  reg io n  c o n s is t in g  
alm ost e n t i r e ly  o f n u t r i t iv e  t i s s u e ,  a  p re fo U ic u la r  re g io n  co n ta in in g  
young copy t e s ,  and a  germ inal reg io n  c o n s is tin g  of a  l in e a r  s e r ie s  
of f o l l i c l e s  of p ro g ress iv e ly  in c re a s in g  s ise#  Most of the tro p h io  
reg io n  i s  in  the form o f a  syncytium w ith  many la rg e  n u c le i  a rranged  
around a  c e n tr a l  c y lin d e r  of cytoplasm , the  troph io  o o re , From the 
p o s te r io r  end of the tro p h io  core th e re  extend baotcwards a  number 
o f cytoplasm io p ro c e sse s , the  s o -c a l le d  " n u tr i t iv e  cords" (Bonhag 
1935) .  Each co rd  le ad s  to  one oocyte and i s  the  pathway along whiob 
n u t r i t iv e  m a te ria ls  a re  presumed to  flow  on t h e i r  way to  the oooyte. 
There i s  d i r e c t  cy top lasm ic c o n tin u ity  between oocyte and tro p h ic  
c o rs .
In  th i s  paper a re  c e r t a in  (A servations on the  flow  o f m a te r ia l 
from  trophocyte to  oocyte in  te le tro p h ic  o v a r io le s ,  the mechanisms 
which may be re sp o n sib le  f o r  m ain tain ing  th i s  flo w , and the n a tu re  
o f the m a te ria l which passes from o e l l  to  c e l l .
A v a r ie ty  of substances have been s a id  to  pass from trophocyte  
to  oocy te. B handari and Nath (1929) s ta te d  th a t  in  the red  c o tto n  
bug D yserdious oln& ulatus "n u c le a r  c o n ten ts  o f the nurse c e l l s  pass 
along the  n u t r i t iv e  ro o ts  (co rds) in  th e  form of a  l iq u id  . . . . .  
w hile . . . . .  the G olgi elem ents o f the nurse c e l l s  rem ain in t a c t
-  4  -
and flow  down the ro o ts  (oords) a s  suoh, and subsequently  e n te r  the 
egg". Both Bohrader and L euohtenberger (1932) and Bonhag (1953, 1958) 
have suggested  from o b serv a tio n s  on v a rio u s  Hemiptera th a t  DBA d eriv ed  
from the breakdown o f trophocyte n u c le i transform s in to  a  Feulgen- 
neg a tiv e  substanoe th a t  passes down the  n u t r i t iv e  cords in to  the 
oocyte cytoplasm ; and Bonhag (1935) has d escribed  a  con tinuous f lo w -lik e  
p a t te r n  uf HNA extend ing  f n x t  the cytoplasm  around the  trophocyte 
n u c le i in to  the tro p h ic  oore and through the n u t r i t iv e  cords in to  the 
o o cy tes .
In  our s tudy  of movement of m a te r ia l from trophocyte to  oooyte 
we have examined by au to rad iography  the sy n th e s is  and behav iou r of 
RNA in  te lo tro p h io  o v a r io le s . We criose RNA s in ce  i t  i s  easy  to  id e n t i fy  
and easy  to  la b e l .  In  our sea rch  f o r  mechanisms a s s o c ia te d  w ith  such 
movement we took note o f the term  " n u t r i t iv e  f ib e r"  (B handari and 
Math, 1929) which was used to  d e sc rib e  th ic k  hyaline f ib e r s  spreading  
c u t in to  the cytoplasm  of th e  egg from the en trance  p o in t o f the 
n u t r i t iv e  co rd , and we no ted  the  many cases  where trophooyte/oocyte  
cytoplasm io b rid g es  nave been d ep ic ted  a s  f i l l e d  w ith  a  mass of f ib ro u s  
m a te r ia l (Bhandari and Math 1929# Bonhag 1955)# I t  i s  now w e ll 
recogn ised  th a t  w herever th e re  i s  movement of c e l l s  o r  w ith in  c e l l s  
th e re  a re  u su a lly  m ioro tubules (P o r te r  I 966) ,  and where these  
m iorotubules a re  p re sen t in  la rg e  numbers, a s  f o r  exaaq>le in  a  m ito tic  
s p in d le , tlMh they may show in  l ig h t  microscope p re p a ra tio n s  as f ib ro u s  
and b iré f r in g e n t  masses (Inoud I 964# B a^er I 968) .  A ccordingly we 
p re d ic te d  th a t  the  f ib ro u s  re p re se n ta tio n s  o f trophocy te /oocy te  connec­
tio n s  denoted complex and h igh ly  co n cen tra ted  systems of m icro tu b u les , 
and we th e re fo re  examined th e se  connections in  p o la r is e d  l i g h t  and by 
e le c tro n  microscopy.
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lUTBHIALE Am METHODS
The anim ale used in  th i s  s tu d y  were of the sp ec ies  Notoneota 
g lauoa g lauoa (Linn) and were c o lle c te d  from ponds in  Tentsm uir 
F o re s t ,  F i f e ,  S co tland .
F or exaiiina tion  by l ig h t  microscopy f re s h ly  ex cised  o v a rie s  were 
f ix e d  f o r  2 h in  3*1 e th an o l a c e t ic  a c id  (C larke 1851), dehydrated , 
embedded in  wax, and sec tio n ed  a t  5/U. The s e c tio n s  were s ta in e d  w ith  
ga llocyan ine  (p e r S w ift 1955) washed, dehydrated  and mounted in  balsam .
O ther s e c tio n s  were tr e a te d  p r io r  to  s ta in in g  w ith  a  s o lu tio n  of 
rib o n u c lease  (0,1 mg p e r ml rib o n u o lease  À in  0.01 M p tosphate  b u f fe r  
6 .0 ) f o r  2 h a t  37*0#
For o b serv a tio n s  in  p o la r is e d  l ig h t  whole ovari#lQ 8 were w un ted  
in  in s e o t r in g e r  emd exaadned w ith  a  C arl g e is s  photomicrosoope POL 
f i t t e d  w ith  planapochrofaatio o b je c t iv e s , a  p o la r iz e r  and an a la ly z e r .  
M iorotubules a re  d iso rg an ized  and t h e i r  b ire fr in g en c e  destroyed  by 
exposure to  low tem perature (Inoué 1952a; T iln ey  and P o r te r  1967) 
o r  to  oo loh io ine  (inoué 1952b; T iln ey  I 968) .  vife have th sv efo re  oom- 
pared the b ire fr in g e n c e  in  f r e s h ly  ex c ised  o v a rio le s  w ith  th a t  in  
o v a rio le s  p rev io u sly  su b jec ted  to  low tem perature and w ith  th a t  in  
oveurioles p re v io u s ly  t re a te d  w itn  c o lc h ic in e . F or low tem perature 
trea tm en t l iv e  anim als were kept in  a  r e f r i g e r a to r  a t  2"C f o r  12 hours.
T h e ir  o v a rie s  were removed and te a se d  in to  o v a rio le s  under co ld  c o n d itio n s . 
S ing le  o v a rio le s  were then  mounted on s l id e s  in  in s e c t r in g e r  c lo se  
a longside  o v a rio le s  from u n tre a te d  an im a ls , and the  b ire fr in g e n c e  in  both 
types of o v a rio le  was cooqpared. F or co lch ic in e  trea tm en t bo th  o v a rie s  
were removed from an anim al. One was p laced  in  a  s o lu tio n  of 0 .5#  co lch ic in e  
in  in s e c t  r in g e r .  The o th e r  was kept in  in u e c t r in g e r  w ithou t o o lsh ic in s .
Eaoh ovazy was g en tly  te a sed  In to  i t s  In d iv id u a l o v a r io le s . At 
15 minute in te z v a ls  a f t e r  e x c is io n  of the  o v a rie s  p a i r s  of 
o v a r io le s ,  one from the oo loh io ine  s o lu tio n  and one from the  
p la in  r in g e r ,  were mounted on s l id e s  and th e i r  b ire fr in g e n c e  examined.
Our au to rad io g rap h ic  s tu d ie s  were c a r r ie d  out a s  fo llo w s. Each 
of a  number of anim als was in je c te d  w ith  5^1 (5pC) o f a  s o lu tio n  of 
u r id in e  g e n e ra lly  la b e l le d  w ith  t r i t iu m  (1 .2  C /o ii), and su p p lied  by 
the Radiochem ical C en tre , Amersham, England. The in je c t io n  needle 
was in s e r te d  through th e  a r th r o d ia l  membrane between the  2 most 
p o s te r io r  s te n a i te s .  Animals were k i l le d  and th e i r  o v a rie s  f ix e d  
2 h , 8 h , 12 h , 24  h , and 3 weeks a f t e r  in je c t io n .  The o v a rie s  were 
f ix e d  f o r  12 h in  d a n f e l io e 's  f ix a t iv e  (D arlin g to n  and La Cour 1942). 
They were subsequently  washed in  running  w ater f o r  24 h , dehydrated  
in  e th an o l and embedded in  m eth acry la te . One-mioron s e c tio n s  o f 
o v a rio le s  were c u t  w ith  g la s s  knives on a  Porter-d lum  u ltram ioro tom s, 
and mounted on s l id e s .  M ethacry la te  was removed from the s e c tio n s  
w ith  aspyl a c e ta te .  S ec tio n s  were th e n  re  hyd ra ted , t r e a te d  w ith  5^ 
t r i c h lo r o a c e t ic  a c id  a t  5*0 f o r  5 m, dehydrated and a i r  d r ie d  from 
ace to n e . Mounted s e c tio n s  were co a ted  w ith  Kodak NTB 2 l iq u id  em ulsion 
d i lu te d  1:1 w ith  w ater. They were th en  placed in  l i g n t - t i g h t  boxes 
and l e f t  to  expose f o r  p e rio d s  of 20 to  40 days a t  18*0. P rep a ra tio n s  
were developed in  Kodak D 19 b developer f o r  3 min, washed in  w a ter, 
f ix e d  in  Kodak Acid F ix e r  f o r  5 min, washed ag a in  in  w a te r , and a i r  
d r ie d . S ec tio n s  were then  s ta in e d  w ith  0 .5 ^  methylene b lu e  on 1# 
sodium te tr a b o ra te  (Borax) f o r  1 to  2 mins. A ll p re p a ra tio n s  were 
dehydrated  in  e th a n o l, mounted in  balsam , and examined w ith  a  C arl 
E e is s  photomioroscope f i t t e d  w ith  p lanapochroaatio  o b je c t iv e s .
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F o r o le o tro n  adoroaoopy s in g le  o v a rio le s  were f r e s h ly  ex c ised  
in to  a  %  s o lu tio n  of g lu ta ra ld eh y d e  in  0 .06  M phosphate b u f f e r  a t  
pH 7*3 and 18*0» A f te r  15 m inutes in  g lu ta ra ldehyde  the  o v a rio le s  
were washed b r i e f ly  in  phosphate b u f fe r  and tra n s fe r re d  to  10 osmium 
te tro x id e  b u ffe red  to  pH 7*3 w ith  ve ro n a l a o e ta te  (Palade 1952)»
The o v a rio le s  were then  dehydrated in  aoetone and embedded in  V est opal 
W» S i lv e r  to  g rey  seo tio n s  were ou t w ith  g la s s  knives on a  Cambridge 
U ltram iorotom e (A .F. Huxley p a t t e r n ) ,  mounted on Athene 463 g r id s  
w ithout sup p o rtin g  f ilm s  and doubly s ta in e d  w ith  u rapy l a c e ta te  f o r  
5 minutes and lead  c i t r a t e  f o r  2 m inutes (Reynolds I 963)# A ll  s ta in in g  
s o lu tio n s  were f i l t e r e d  through a  M iU ipore f i l t e r  (0#45y pore s iz e )  
im m ediately b e fo re  u se . S ec tio n s  were examined w ith  a  Siemens 
Elmiskop I  (80 kv) a t  negative  m ag n ifica tio n s  of between 5,000 and
4 0 , 000.
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In  our d e so r ip tio n e  of the  o v a rio le s  o f Notoneota we have sub­
s t i t u t e d  th e  word "tube" f o r  th e  term  " n u t r i t iv e  cord" s in ce  we do 
no t th in k  th a t  the  word "oord" s u i t s  the  s i tu a t io n  which we have 
found.
In  an o v a rio le  of Notoneota the  tro p h ic  oore branches a t  i t s  
p o s te r io r  end in to  about 20 tu b e s . These tubes pass backwards and 
sp read  outwards in  the p r e f o l l io u la r  reg io n  to  become arranged  around 
the  periphezy  of th e  o v a r io le s ,  th u s  e n o a s ii^  the  more a n te r io r  
f o l l i o l e s  l ik e  the  bones o f a  c o r s e t  (F ig . 1 , 2 ,  4)* As a  r u l e ,  eaoh 
oooyte i s  served  by one tu b e , and accord ing ly  the  number o f tu b es  
d ecreases  from f r o n t  to  r e a r  along  the  o v a rio le . Tubes extend back-
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wards from the  tro p h io  oore to  a l l  f o l l i o l e s  which co n ta in  eggs w ith ­
out c ap su le s . The connections between tro p h io  tubes and oocytes break  
down before  a  capsu le  form s. There a re  a t  le a s t  a s  many tubes ev id en t 
in  tra n sv e rse  s e c tio n s  through the reg ion  o f the f i r s t  f o l l i c l e  as 
th e re  a re  f o l l i c l e s  in  the  o v a rio le  ( F ig . 9 ) . The tubes appear oval 
in  c ro ss  s e c t io n . The w idth  of the tubes in  an  o v a rlo le  v a r ie s  from 
lO ^ to  The w id th  o f a  s in g le  tube i s  roughly co n stan t along i t s
le n g th . The tubes a re  u su a lly  bounded by f o l l i c l e  o e l l s  b u t in  some
p laces  an oocyte may form the  in n e r  boundazy of a  tube . The tro p h ic  
oore and a l l  tubes have a  s tre ak y  o r  f ib ro u s  appearance when seen in  
lo n g itu d in a l s e c tio n  (F ig . 2 ) .  In  tra n sv e rse  s e c tio n  however, they  
appear uniform ly g ra n u la r .
F ive micron s e c tio n s  s ta in e d  w ith  gallocyan ine  and w ithou t 
p r io r  d ig e s t io n  in  rib o n u o lease  served  to  show the  d is tz* ibu tion  of 
RNA in  o v a r io le s . A ll  cytoplasm  in  the  tro p h io  re g io n , in c lu d in g  the  
tro p h ic  c o re , a l l  tu b e s , and the  cytoplasm  of a U  oooytes s ta in e d  
in te n s e ly  (F ig s . 1 , 2 ) .  Most of th e  n u c le i  in  the tro p h io  reg ion  and 
a l l  f o l l i c l e  o e l l  n u c le i  had la rg e  n u c le o li  which s ta in e d  s tro n g ly .
In  a l l  our s ta in e d  p re p a ra tio n s  the  n u c le i of oocytes occupying the 
f i r s t  2 o r 3 f o l l i o l e s  appeared empty a p a r t  from th in  s tra n d s  of 
chromosomal m a te r ia l. N uclei of tn e  more p o s te r io r  oocy tes con tained  
3 to  5 sm all n u c le o l i .  In  p re p a ra tio n s  p r e - t r e s te d  w ith  ribonuo lease  
only nucleaur chrom atin was s ta in e d .
When a  s in g le  o v a rio le  i s  mounted in  in s e c t r in g e r  and examined 
between c ro ssed  p o la ro id s  in  a  p o la r is in g  microscope a l l  tubes show 
s tro n g  p o s i t iv e  form b ire fr in g e n c e  w ith  zwspect to  t h e i r  le n g th  
(F ig . 4)* The middle of th e  tro p h ic  oore i s  likew ise  s tro n g ly
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b i r é f r in g e n t ,  b u t towards the  edges of the oore the  b iré f r in g e n t  
m a te r ia l bcoomes more d if fu se  and f a in t  (F ig . 3 ) . There a re  a  s e r l e e  
o f narrow l in e s  of b ire fr in g en o e  r a d ia t in g  l a t e r a l l y  in to  the tro p h io  
t is s u e  from the tro p h io  oo re , Most tu b es  appear evenly  b ir é f r in g e n t  
throughout t h e i r  le n g th s , a lthough  a  g en tle  tw is tin g  o f the b i r é f r i n ­
gen t m a te ria l in  the tubes i s  sometimes e v id en t. I n  a  few  in s ta n c e s  
we have seen o v a rio le s  b u rs t  under p re ssu re  between s l id e  and ooverw 
g la s s .  When th i s  happens some of the  tubes may become p a r t i a l l y  
is o la te d  from the r e s t  of th e  t i s s u e .  These is o la te d  tubes do n o t 
b re a k , no r do they  d is in te g r a te ;  they rem ain compact and b r ig h t ly  
b i r é f r in g e n t .
The tro p h ic  co re  and tubes in  o v a r io le s  su b jec te d  to  c o ld  
trea tm en t show weaker b ire fr in g e n c e  than  those in  u n tre a te d  o v a rio le s  
(P ig . 5 ) .
O vario les  t r e a te d  w ith  oo loh io ine  f o r  6 h show no b i r e f r i n ­
gence so th a t  n e ith e r  tro p h io  core n o r tu b es  are d is c e rn ib le  in  
p o la r is a d l ig h t  (F ig . 6 ) . O ther e f f e c t s  of colchicine a re  v is ib le  
however. The more obvious of these  a re  sw ellin g  of the  neck of the 
tro p h io  re g io n , and d iso rg a n isa tio n  of the  troph ic  re g io n  so th a t 
tro p h io  n u c le i invade the tro p h io  c o re . The o rd e rly  arrangem ent 
of tro p h o cy te s , o o cy tes , and tu b es  in  the p r e - f o l l io u la r  reg io n  
d isa p p e a rs , the o e l l s  in te rm in g le , and every th ing  tends to  flow  back­
wards to  f i l l  the spaces o r ig in a l ly  occupied by the tro p h ic  tu b es .
In  our au to rad iog raphs of s e c tio n s  o f o v a rio le s  f ix e d  2 h a f t e r  
in je c t io n  of % -u r id ln e  only th e  n u c le o li  of n u c le i in  the tro p h ic  
reg io n  were la b e l le d . In  au to rad iog raphs of s eo tio n s  from 3 h f ix a t io n s  
n u c le i  and cytoplasm  in  the troph io  re g io n , in c lu d in g  the tro p h io  co re
-  10 -
were lab e lled *  Tubes were l ig h t ly  la b e l le d  towards t h e i r  a n te r io r  
en d s, b u t the la b e l l in g  of the tubes a lon g sid e  the more p o s te r io r
f o l l i o l e s  was so aro e ly  above background* Both n u c le i and cytoplasm  of
oocy tes in  the f o l l i c u l a r  reg io n  were unlabelled* In  au to rad iographs 
made 12 and 24 hours a f t e r  in je c t io n s  the  tro p h io  reg io n  was h eav ily  
la b e l le d ,  a l l  tubes were la b e l le d ,  and the cytoplasm  o f a l l  oooytes 
was la b e l le d  above background (F ig s . 7# 8 , 9)# In  au to rad iog raphs 
o f tra n sv e rse  s e c tio n s  through o v a rio le s  which nad been exposed to  
% -u r id in e  f o r  12 h o r  more a  few of the tro p h io  tubes were q u ite  
u n la b e lled  (P ig . 9 ) .
We employed the technique o f au torad iography  because we wished 
to  see i f  RM sy n th es ised  in  the tro p h io  reg ion  moved backwards a long
the  tu b es  and accumulated in  th e  oocytes* oytoplaiUB. We p re d ic te d
th a t  i f  t h i s  were the case th en  soon a f t e r  in je c t io n  of iso to p e  in to  
the in s e c t  the tro p h io  re g io n  should be la b e l le d ,  th e  oocy tes u n la b e lle d , 
and such la b e l l in g  as was p re sen t over the tubes should be h eav ie s t a t  
the f ro n t  n ea r the tro p h ic  re g io n  and p ro g re s s iv e ly  l i g h t e r  towards 
the r e a r .  A l i t t l e  l a t e r  th e  tubes should  be more evenly la b e l le d  
a long  th e i r  le n g th s . L a te r  s t i l l ,  when the supply of % -u r id in e  was 
exhausted  and no more "hot" KM was being sy n th es ised  in  th e  tro p h io  
re g io n , the la b e l l in g  over th e  tubes should  be h eav ie s t towards the 
r e a r  and l ig h te s t  a t  the f r o n t .  F in a l ly ,  evezything should be u n la b e lled  
except the  oooytes* cytoplasm .
To t e s t  th ese  p re d ic tio n s  g ra in  coun ts were made over 2 a re a s  
o f th e  tro p h io  c o re , over p o rtio n s  of tubes a longside  the f i r s t  6 
f o l l i o l e s ,  and over the oytoplasm  of the 7 th  oooyte in  o v a rio le s  f ix e d
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a t  2 , 8 ,  12, and 24 h , and 3 weeks a f t e r  In je c t io n  of Iso to p e  in to  the 
an im als. Eaoh count was made over a  square covering  1 5 0 ^  • Our com­
p le te  r e s u l t s  a re  shown in  ta b le  1 and a  sample of our r e s u l t s  i s  
p re sen ted  in  histogram  form in  Pig# 10. We oonclude from our observa­
t io n s  th a t  the oocyte nucleus i t s e l f  sy n th e s ise s  l i t t l e ,  i f  any , RNA, 
th a t  th e  f o l l i c l e  c e l l s  sy n th es ise  RNA some of which may pass d i r e c t ly
to  a d jacen t oocytes and some to  a d jac e n t tu b e s , and th a t  most of the
RNA sy n th es ised  in  the tro p h io  re g io n  i s  moved along  th e  tubes to
th e  oocytes* cytoplasm . We th in k  th a t  the  tube co n ten ts  move a t  a
' , ■ <
r a te  of a t  l e a s t  20pmp«r hour.
In  our e le c tro n  microscope s tu d ie s  we have co n cen tra ted  upon 
s t ru c tu re  in  the tro p h ic  reg io n  and in  the tubes. P e r ip h e ra l  tro p h ic  
t i s s u e  c o n s is ts  of p o o rly  de fin ed  c e l l s  w ith  largo  n u c le i (F ig . 11),
Each nucleus i s  h igh ly  i r r e g u la r  in  shape and has one o r two la rg e  
n u c le o l i .  The most s t r ik in g  fe a tu re  of t h i s  t is s u e  i s  the c h ao tic  
n a tu re  of the  c e l l  boundaries and membranes. C e ll boundaries a re  
u su a lly  im possible to  t r a c e ,  the d i s t r ib u t io n  of n u c le i in  the cy to ­
plasm ic compartments in  hap h asa rd , and much of th e  t i s s u e  i s  s y n c y t ia l .  
Oytoplasm in  t h i s  reg io n  i s  r ic h  in  m itochondria and ribosom es. There 
i s  l i t t l e  endoplasado iw ticulum  and G olgi m a te ria l i s  r a r e .  C e l lu la r  
a re a s  a re  in te rs p e rse d  w ith  t r a c t s  o f cytoplasm  whioh c o n ta in  r ib o ­
somes, o ccasio n al m itochondria , and p a r a l l e l  miorot%*ules (F ig . 11).
These t r a c t s  a re  le s s  densely  packed w ith  ribosomes than  oytoplasm 
around th e  tro p h ic  n u c le i .  The t r s /J ts  a re  r e la t iv e ly  sp arse  near the  
p e rip h e ry  of th e  tro p h ic  t i s s u e ,  bu t numerous n ear the tro p h io  co re .
As one looks inwards towards the  tro p h io  core the c lo se-packed  com plexity  
of the p e r ip h e ra l t i s s u e s  g iv e s  way to  a  random s c a t t e r  o f la rg e  degenerate
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n o o ls l In  a r a e t  sea  of cytoplasm  (F ig . 12 ). Thla cytoplasm  Is  
s t r ik in g ly  uniform and o tn s l s t s  alm ost ex c lu s iv e ly  of a  dense f ix tu re  
o f ribosom es and m ioro tubules. So numeroua are  the m iorotubules th a t  
in  some se c tio n s  through reg ions n e a r the  edge of tne tro p h ic  oore 
we have seen micro tu b u les  form flow  p a tte rn s  around and between 
tro p h io  n u o le l.
The f in e  s tru c tu re  of the troph io  tubes i s  t r u ly  rem arkable.
Eaoh tube i s  f i l l e d  w itn  a  v a s t  a r ra y  of m iorotubules and ribosoocB.
The m iorotubules l i e  roughly p a r a l le l  to  one an o th er and a l l  o f them
ru n  lengthw ise along the  tube (F ig s . 13, 13, 16 ). They a re  about0 m
200  ^ in  w id th . Thu d is ta n c e  between a d jacen t m iorotubules v a r ie s  from
ap p aren t s e ro , where two t*d»ules touoh, to  about 50nm. *e e stim ate  th a t
in  a  tra n sv e rse  s e c tio n  of a tro p h io  tube l^jW  wide tne re  a re  about
30,000 m iorotubules (F ig . I4 ) .  The d e sn ity  of packing of miorot%A»ules
seems roughly  00nsta n t  throughout tkw le n g th  of a  tru p lilo  tu b e . We
have seen  le n g th s  of in d iv id u a l tu b u le s  up to  2 ^  long . The g en era l
cou rses  of the m ioro tubules are in  s t r a ig h t  l in e s  b u t eaoh tubule i s
f in e ly  wavy in  appearance (F ig s . 1 5 ,1 6 ). Jhere a  p a r t  o f a  f o l l i o l e
o e l l  o r  o th e r  la rg e  o b je c t p ro je o ts  from the m i l  of a  tro p h io  tube
and p a r t i a l l y  o b s tru c ts  the  tube, the  m iorotubules bend around the
o b s tru c tio n  and a re  r e la t iv e ly  soaroe on e i th e r  s id e  o f I t .
The number and packing to  ribosom es in  tro p h io  tubes v a r ie s  from
anim al to  animal and show s l ig h t  lo o a l v a r ia t io n s  in  in d iv id u a l tubes
(F ig s . 15 , 16) .  Where ribosom es and m iorotubules a re  in te rm ixed  the
ribosom es a re  arranged  in  streiu&s running between l in e s  of m ioro tubules.
Ribosomes are most densely paoked where there are no miorotubules
(F ig . 15)# We oannot a t  the moment d e fin e  the p re c ise  s t r u c tu r a l  o r 
s p a t i a l  r e la t io n s h ip  oetween the  ribosom es and the ju io ro tubu les, bu t 
our e le c tro n  micrographs in d ic a te  th a t  c o n tac t between ribosome and 
m iorotubule i s  r a r e .  Indeed , as a  ru le  the ribosomes a rc  la rg e ly
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exoluded from rogiona ^vhere the la te r a l  3i>aoing between the miorotubule# 
I s  le ss  than 25nm, and in  transverse sections aio.rotubules often appear 
ringed by ribosomes a t  a distance of about 30 nm (P ig . 14).
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The evidence f o r  movement of m a te r ia ls ,  in c lu d in g  RNA, from
tro p h o cy tes  to  oooytes in  te lo tro p h io  o v a rie s  i s  alm ost in c o n tro v e r tib le .
The p o in ts  whioh we would add to  the c la s s ic a l  d e sc r ip tio n  of the
te lo tro p h io  o v a r lo le , however, a re  a s  fo llo w s . F i r s t ,  the  oooyte
nucleus i t s e l f  sy n th e s ise s  l i t t l e  i t  a iy  RNA; y e t  newly sy n th es ised
RMA appeared in  the  oooyte oytoplasm  in  the  oourse of our experim ents.
This newly sy n th es ised  RWà was probably  im ported, and th e  most l ik e ly
Im port channel i s  the tro p h io  tube which connects the  oooyte to  the
tro p h ic  c o re , beoundly, our o b serv a tio n s  on the  p a t te rn  o f la b e l l in g
3of the  tro p h ic  tubes a f t e r  d i f f e r e n t  p e rio d s  of exposure to  H -u rid in s 
a re  most e a s i ly  exp la in ed  by a  c o n tin u a i stream  jf newly sy n th es ised  
RNA from tro p h io  t i s s u e  to  oooyte v ia  the  troph ioo re  and th e  tro p h io  
tu b e s . T h ird ly , most oooytes s to re  ribosom es during  oogenesis. Those 
oooytes th a t  make t h e i r  own ribosom al RNA fo r  s to rage  have th e i r  r ib o -  
so aa l genes am p lified  a re  m u ltin u o leo la te  during th e  g re a te r  p a r t  
of oogenesis (Brown, 1968). The oooytes o f Notoneota a re  n o t m u lti­
n u o le o la te , and a t  no s tag e  in  t h e i r  development do they  show evidenoe 
o f s p e c i f ic  gene a m p lif ic a tio n . We may suppose th a t  th e se  oooy tes, 
la ck in g  the mechanism f o r  high speed p roduction  of la rg e  amounts of 
ribosom al RNA, re ly  on ribosom es Im ported f ro n  the tro p h io  t is s u e  v ia  
the tro p h io  tu b es. That the tro n h io  t i s s u e  i s  p r im a rily  engaged upon 
p roduction  of ribosomes f o r  ex p o rt i s  in d ic a te d  by the la rg e  n u c leo li
— t (-t
of tbo tro p h io  n u c le i ,  the abundance o f  I’iboaomas in  the o y to p la su , 
the look of endoplaaoio r e t io u lu a  and G o lg i, components u su a lly  a sso c i­
a ted  w ith  the ia -ied ia te  involvem ent o f RILv in  p ro te in  s y n th e s is .
What flow s down the tro p h io  tubes? The uost obvious s tru c tu re s  
a re  ribonuoleop ix)teia  p a r t ic le s  wtiioh, on account of th e i r  s is a  and 
appea anoe in  e le c tro n  m icrographs, wo have c a lle d  ribosom es. The 
only  la rg e  o b jec ts  which we Mve seen  in  the tro p h ic  tubes a rc  m ito - 
ohondria  and th ese  a i^  sp a rse . do no t know i f  they  move o r  n o t.
We oo u sid er i t  s ig n if io a n t  however th a t  wc have suen no o th e r  o ln ss  of 
la rg e  o b jec ts  in  tro p h ic  tu b e s , no n u c le i ,  no la rg e  agg regates of 
n u c lea r m a te r ia l , no fragm ents of meabianc o r v e s ic le s ,  and t h i s  in  
s p i te  of the f a c t  th a t  the tro p h ic  core co n ta in s  a l l  manner of d e b ris  
from th e  breakdown of tro p h ic  t i s s u e .
L et us now co n sid e r tlie im icrotubules and the  y a rt which they 
may p lay  in  m ain tain ing  the  flow  of RNA through the tro p h ic  tu b es .
The m iorotubules which we have desc rib ed  in  the tro p h ic  oore and tubes 
o f a  te lo tro p h io  o v ario le  are tu b u le s  in  the sense tn a t they  appear in  
tran sv erse  s e c tio n  as a  dark  r in g  surrounding a  le s s  dark c e n t iu l  a re a . 
They a re  about 20na in  w id th . They a re  l in e d  up along the le n g th  of 
each troph io  tu b e . They a re  p re se n t in  s u i f ia ie n t  numbers to  produce 
s tro n g  form b ire fr in g en o e  when the  tubes are sxaminad in  p o la r is e d  
l i g h t  and th i s  b ire fr in g en o e  i s  absen t from o v a rio le s  p re trc a te d  w ith 
co ld  o r c o lc h ic in e . In  a l l  these re sp e c ts  they  a re  e a s o n tia ll jr  oom- 
p a iab le  to  the m iorotubules d ls su ssed  s e v e ra l  years  ago by i o r t e r  ( I 966) 
and s in ce  recogn ised  in  a  wide v a r ie ty  of s i tu a t io n s .  M oreover, l ik e  
m iorotubules in  o th e r  p la ce s  the  m ioro tubules of tro p h ic  tubes c le a r ly  
have something to  do w ith  th e  movement of oytoplasm  and p o ss ib ly  have 
something to  do w ith  maintenance of form.
In  h ie  I'CYlew on oytoplasm io m iorotubule a and th e i r  fun o tio n s  
P e i i e r  ( 1966) in te rp re t»  a  wide range of t»b»ervations on faicro tubules 
as su g g estin g  th a t  they  may be e f fe o tiv e  in  th e  development and main­
tenance of asym m etrical c e l l  form s, in  l im it in g  channels through which 
cytoplasm  moves, o r  i n  p ro v id ing  the  motive fo rce  fo r  cy toplasm ic 
s tream ing . A q u estio n  which emerges from th i s  I'evicw i s  e s s e n t ia l ly  
do m icro tubules cause cy toplasm ic movement o r f a o i l i t a t e  i t ?  We tmve 
no f re s h  evidenoe to  o f f e r  toivards tb s  s o l u t i w  of th i s  problem but 
we th in k  th a t  the  fo llow ing  p o in ts  are  worth s t r e s s in g .
F i r s t ,  the adLorotubule8 o f the tro p h ic  oore o r  tubes show mo 
r e g u la r  arrangem ent w ith  re s p e c t to  one an o th e r . In  oppearanoe and 
d i s t r ib u t io n  they  compare w ith  the  adoix>tubales in  the  endoplasTnic 
s tra n d s  o f ooenocytio marine a lg ae  (d&bnia and Jacobs I 967) and in  
nerve axons (P o r te r  1966). In  each o f these cases the m ioro tubules 
occupy a  sons through whioh cytoplasm  of cytoplasm ic components a re  
seen  o r presumed to  flow . In  none of th ese  oases i s  th e re  an  obvious 
need f o r  s k e le ta l  suppo t  from m ioro tubules. In  o th e r s i tu a t io n s  
however, suon as axopodia of helioso& ns (T ilney  and P o r te r  I 963) the 
oytophazyngeal basket of c i l i a te s  (T ucker I 966) ,  o r  th e  heads o f 
e longate  sperm o r  sperm atids (Mob in s  on I 966 ; M cIntosh and P o r te r  I 967 ;
K essel 1967) the m iorotubules have a  d e f in i t e ,  sometimes h e l ic a l ,
/■arrangeaien t, and w hatever p a r t  they  may p lay  in  moving oytoplasm 
they  c le a r ly  perform  some mechanical supporting  r o le .
Secondly, the arrangement of nuclei in  the trophio region is  
orderly . They a re  closely  packed around the trophic oore but they do 
not encroach upon i t ;  yet there i s  nothing other than miorotwbulGs to 
prevent such encroachment. In  the trophic region hov'.wver, the micro­
tubules are often orien tated  around and between nuclei and other 
obstacles and usually l ie  along the expected d irec tion  of cytoplasmic
1 6  -
flow# This would seem to  in d ic a te  t h a t  udoro tubulca, w h ils t  funotio»*  
ing  as a  sk e le to n  to  p reven t ologglng of th e  channels through which 
m a te ria l flow s, a re  a lso  in tim a te ly  oonoemed w ith  d ire c t in g  an d /o r 
m ain ta in ing  the flow .
That the m iorotubules which we have deocribed do presei^/e the 
tro p h io  core and p reven t la rg e  o b je c ts  from e n te r in g  and b lo ck in g  the 
tro p h ic  tubms i s  suggested  by the  f a c t  th a t  the most Immediate and 
drama t i c  consequences of p lac in g  an o v a rio le  in  oo loh io ine  i s  o b l i t e r a ­
t io n  of the troph io  oore and d isappearance of the  tro p h io  tubes. 
E s s e n t ia l ly ,  having destroyed  the microtWbules no th ing  rem ains to  
p rev en t surrounding n u o le l and o e l la  from invading tro p h io  oore and tu b e .
In  our opin ion  th e  m iorotubules in  o v a rio le s  o f Notoneota have 
one d e f in i te  fu n c tio n . They f a c i l i t a t e  a  flow  of ribosom es from 
trophocy tes to  oooytes v ia  tro p h io  core and tro p h ic  tubes by keeping 
th ese  reg io n s  open. We th in k  however, th a t  they  a lso  d i r e o t  the flow  
and we a re  search ing  f o r  evidence of t h e i r  involvement in  th e  maintenance 
o f flow .
-  17
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Legends to  f ig u re s
Fig* 1* L on g itu d in a l seo tio n  (LS) through the  tro p h io  reg ion  of an  
o v a iio le  s ta in e d  w itn  gallooyanine*  The a n te r io r  t i p  of 
the ov a r io le  i s  to  th e  le f t#  Trophio a c re , troph io  
tu b e s , J*
F ig , 2, L3 through p a r t  of a  tro p h io  tu b e , s ta in ed  w ith  gallooyanine# 
Note the f ib ro u s  appearance of the  tube contents#
Fig# 3* Photom iorcgraph in  p o la riz ed  l ig h t  o f the  whole tro p h ic  
reg ion  of an  ovario le#  The b r ig h t o b jec t to  ttie l e f t  i s  
the te rm in a l filam ent#  The tro p h ic  core i s  s tro n g ly  
b iré f r in g e n t  and breaks up a t  i t s  p o s te r io r  ( r ig h t  hand) 
end in to  a number of tro p h io  tubes#
Fig# if# Photoadorogr&ph In  p o la r iz e d  l i g h t  of p a r t  of the  tro p h io
region* th e  pi's f o l l i c u l a r  re g io n , and the f i r s t  f o l l ic le s #
About 1if s tro n g ly  b iré f r in g e n t  tro p h io  tubes emerge fror* 
the  tro p h ic  core  ( to p ) ,  bow outwards around th e  p r e f o l l io u la r  
reg ion  (m iddle) and run  back a longside  the f o l l i c le s #
Fig# 5# k'hotonici'ogi'c.ph in  p o la r iz e d  l ig h t  of the  f ro n t  reg io n s  of
2 o v a r io le 3# The one on the l e f t  came from an anim al 
which had been  kep t a t  2®C f o r  24 hours# The one m  the  
r ig h t  came fi'om an anim al which had been kep t a t  18®0#
Fig# 6# Fhotom iorograph in  p o la r iz e d  l ig h t  of the fro n d  reg io n s  of
2 ov a rio le s#  The one on the r ig h t  had been kep t in  a  Iff 
so lu tio n  o f co lch ic in e  in  in s e c t  R inger f o r  6 hours# The 
one of the  l e f t  was kep t in  R inger w ithout oolohioine#
.  2^ -
F ig u re s  7» 8 and 9 a re  au to rad iog raphs of p a r ts  of o v a rio le s  f ix e d
324 hours a f t e r  in je c t io n  of H -u rid in e  in to  the an im als.
F ig . 7$ Ld through pax’t  of the troph io  regicsi and the  p r e f o l l i o u la r  
re g io n . Trophocyte n u c le o l i ,  n j tro p h io  c o re , jg; and 
tro p h io  tubes ( t )  a re  h eav ily  la b e l le d .  The cytoplasm  of 
sm all oocytes (o) i s  l i g h t ly  la b e l le d ,  b u t the  oocyte n u c le i 
a re  u n la b e lled .
F ig . d. Ld through ttie 3 th  and 6 th  f o l l i c l e s  in  an o v a r io le . Trophio 
tubes ( t )  a re  n eav ily  la b e l le d .  Oooyte qytoplasm i s  l ig h t ly  
l a b e l le d ,  b u t tne la b e l l in g  over oooyte n u c le i  i s  soaroely  
above background.
F ig , 9» T8 through the  3rd  f o l l i c l e .  d eo tio n s  of 13 tubes a re  v i s ib le .  
A ll b u t 3 of the tubes (arrow ed) a re  la b e l le d .
Fig# 10. These h istogram s re p re se n t g ra in  counts from au to rad iographs
of d i f f e r e n t  reg io n s  of o v a rio la s  f ix e d  a t  v a rio u s  tim es
3a f t e r  in je c t io n  of H -urid ine  in to  animals# Kach hiatogroja 
i s  frcHB one 13 of a  s in g le  o v a rio le  and la  c o n s tru c te d  from 
d a ta  in  the  l in e  marked w ith  an a s te r is k  in  ta b le  1.
Fig# 11. F le o tro r  m icrograph o f a  s e o tio n  through p a r t  of the  tro p h ic
reg io n . Troi>hooyte n u c leo lu s , j i ;  t r a c t s  running  around and
between tro p h io  n u c le i and co n ta in in g  ribosomes and micro­
tu b u le s , t r .
F ig . 12# E lec tro n  m icrograph of a  s e c tio n  through p a r t  o f the troph io
more# T his reg io n  oon ta ln s ribosom es, m io ro tubu les, 
s c a t te re d  m itochondria , and la rge  degenerate tro p h ic  n u c le i (n ) .
Fig. 13» E lec tro n  m icrograph of an IS through p a r t  o f a  troph io  tube .
The tube contains only ribosomes and numerous longitudinally 
arranged adorotubules. The tube is  bounded by the meoAi^ne 
of the f o l l ic le  c e l ls .
Fig, 14* E leotronm ioro^raph of a  TS through p a r t  of a tro p h ic  tube*
Note the c le a r  zone which surrounds many of the  m icro tubules 
(arrow s) and th e  apparen t v a r ia t io n  in  the d iam eters of 
the  adoro tubu les in  th i s  section*
Fig. 15* W  through p a r t  o f a tro p h io  tube showing a  bank of
rnicrotubules (upper half) with relatively  few ribosomes 
between them, and a region packed with ribosomes but clear  
of miorotubules.
Fig* 16. Oblique s e c tio n  through p a r t of a  tro p h ic  tube from an o th e r 
anim al showing laxge numbers o f c lo se iy  packed m icrotubules 
w ith  a  few ribosom es s c a t te re d  amongst them*
-  M ÏSSDIX I I  -
In flu en ce  of v in b la s t in e  su lp h a te  on the  deployment
of a io ro tu b u lea  and ribosom es In  te lo tro p h io  o v a rlo le s
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3UMUARX
O variole*  of Notonaota Klauoa a lau o a  have been t r e a te d  w ith
v in b la s tin e  su lphate  (VHL), p iiiu a rlly  to  exaxoine the  e f fe c t#  o f the drug
on the 'Jiicrt»tubules whioh paok the tro p h io  ooi*6 and n u t r i t iv e  tubes.
—4 -310 M VBL had l i t t l e  e f f e c t  on the ad o ro tubu les. VBL a t  10 M
reduced the number of a io ro tu b u le s  in  n u t r i t iv e  tu b e s , w hile a f t e r
-32 X 10 M VBL adoro tubules were rai*e. A ll 3 co n o en tra tio n a  of
VBL Induced tne fo rm ation  of c r y s ta l l in e  s tru c tu re s  in  the tro^^hlo
core and n u t r i t iv e  tu b e s , and to  a  l e s s e r  e x ten t in  the n u t r i t iv e
c e l l s  and f o l l i c l e  o e l l s .  I n  tra n sv e rse  s e c tio n s  o z y s ta ls  appeared
to  be composed of d i s t in c t  hexagonal u n its  amd in  lo n g itu d in a l s e c tio n s
c r y s ta l s  showed «s dark  [>orall* l l i m a  w ith  d a rk e r d o ts  a t  re g u la r
—4in te r v a ls  along t tw ir  le n g th . With 10 M VBL, the c r y s ta ls  were 
compact and c lo se  to  the  w a lls  of n u t r i t iv e  tu b e s , b u t a f t e r  trea tm en t 
w ith  s tro n g e r  co n ce n tra tio n s  cf VBL th e  c r y s ta l s  were web-lifce and 
s c a t te re d  over c ro ss  s e c tio n s  o f tu b es .
In  a d d itio n  to  VBL having a  d e s tru c tiv e  e f f e c t  on the m icro- 
tu b u les  in  the  tro p h io  core  and n u t r i t iv e  tu b e s , th e re  wa» a lso  a  
re d u c tio n  in  the number of ribosontes. This o v e ra ll  r-eduction in  
ribosomes q u a n tity  could  no t be a t t r ib u te d  to  the in h ib i t io n  of RNA 
sy n th e s is  by "'/BL.
I n  reg ions of o v o rio lo s  wtxero m iorotubules wero arranged  In  p a r a l le l  
m asses, as  In  the n u t r i t iv e  tubes and tro p h ic  c o re , the  long  ojces of 
c r y s ta l s  were always s i n l l a r l y  a lig n e d . O therwise c r y s ta l s  were randomly 
o r ie n ta te d . Tne p o ssib le  5ode of fo rm atio n , emd com noaltion, o f o z y a ta ls  
i s  d iscu ssed .
INTRO0UCTIGN
Motoncota g lauoa g lauoa has a  te lo tro p h io  m ero la tlo  ovasy.
N u tr i t iv e  o e l ls  o r trophocyte»  surround an a n te r io r  tro p h ic  core of 
o y to p la sa  and n u t r i t iv e  tubes pass baok from th is  to  eaoh oooyte in  
the ovario le#  R ecen tly  &Iacgregor & S tebbings (1970) have shown th a t  
the n u tr i t iv e  tubes a re  packed w ith  ciiorotubulcs and ilbosom es, and 
they  have dem onstrated a  movement o f ENA from the tro p h io  reg io n  to  
the  oocytes v ia  the n u t r i t iv e  tu b es . Ttw packed la ioro tubules ren d e r 
b o th  the tro p h io  co re  and the n u t r i t iv e  tubes s trong lc’’ b iré f r in g e n t  
and th i s  b ire fr in g e n c e  i a  destroyed  by co ld  and co lch ic ine#
'in c a  a lk a lo id s ,  such as  v in b la s t in e  and v in c r is t in e  s u lp h a te s , 
im ita te  the m ito tic  a r r e s t  p ro p e r tie s  o f co ld  and o o lo h io in e . Bensoh |
i
St Malawista  (1969) have found tfia t v in b la s t in e  ('TO) d e s tro y s  the j
Im ajo rity  of udorotubules in  both  L . - s t r a in  f ib r o o la s ts  and human 11
le u c o c y te s  and that c r y s ta ls  subsequently  appear in  the qytoplaam o f |
trea ted  o e l l s .  3 im ila r ly , VBL Induces the fo r m tio n  o f b ir é fr in g e n t i
/ ÿp' Ic r y s ta ls  in  u n f e r t i l iz e d  oocytes of the s t a r f i s h  P i s a s te r  oohraoeous
1(M alaw lsta *  3 a to , 1969)# In  bo th  r e p o r ts  th e  au thorc  suggest th a t  j
"jthe c r y s ta ls  a re  formed from m iorotubules and th u t i s o la t io n  of the  
o z y a ta ls  should provide a  means of o b ta in in g  r e la t iv e ly  pure J
m icrotubule p ro te in . j
W isniew ski, ih e la n sk i 3t T erry  (1968) found th a t  VBL caused 
an i n i t i a l  lo s s  of tu b u les  from the axoplosm of neurons fo llow ed by 
a  p r o l i f e r a t io n  of 10 nm n e u ro f i la a e n ts .  They propose on in te rc o n -  
v e rs io n  of tu b u les  to  f ila m e n ts  a s  a  oonaequenoe of the presence of 
the  a lk a lo id .
In  a d d itio n  to  a l t e r a t io n s  in  o e l l  s tru o tu ra  th e re  a re  a lso  
re p o r ts  th a t  v in b la s t in e ,  v in a r i s t in e  and oolohioine in te r f e r e  w ith  
the  sy n th es is  of nuolelo  aaida  and hence u ltim a te ly  p ro te in  sy n th e s is  
in  o e l l s  (C reasey Æ Markiw, 1965; D e s ja rd in s , Gi'ogan, ArendcU & 
B usch, 1967)#
I  ohosc to  examine tne e f f e c ts  of VBT on the co n ten ts  of the 
tro p h ic  tubes in  o v a rie s  of w ater bugs -  aq u a tic  Hersaiptera -  because 
the system  of microtubulGS th e re in  i s  so  nm sslve, because onl^r 2 
c e l l  components are  p re s e n t;  m iorotubules and ribosom es, and because 
I  wanted to  exp lore  the  e f f e c t s ,  on the tro p h ic  tu b e s , o f substances 
which a l te re d  m icrotubule s tru c tu re  and arrangem ent.
M A TERIA LS AND yJCTHCDS
K otonecta g lauoa Klauca (L in n .) were caught in  a  pond in  
Tentsm uir F o re s t ,  F i f e .  O varies wore bathed in  s o lu tio n s  of 
v in b la s tin e  su lp h ate  (*Velbe*, L i l ly )  in  Insecfe R inger, p r io r  to  
e le c tro n  microscopy and exam ination in  p o la riz ed  l i g h t .
For observ a tio n s  in  p o la r iz e d  l i g h t ,  o v a rio le 9 were mounted 
in  d in g e r and examined w ith  a  C arl ^ i s s  photoaiorcacope POL f i t t e d  
w ith  planapochrom atio o b je c tiv e s , a  p o la r iz e r  and an analyser*  
M icro tubules a lig n ed  in  p a r a l le l  liasaes always e x h ib it  b ire fr in g e n c e  
When examined in  p o la r iz e d  l i g h t .  D e s tru c tio n  of the  m icrotubules 
Ifmoves th is  b ire fr in g e n c e  (in o u i 1352a, 1352b; T ilncy  & P o r te r ,  136?; 
T iln o y , I 368) .  I t  was th e re fo re  p o ss ib le  using th i s  teoim ique tc  
m onitor the o v e ra ll  e f f e c t  o f v in b la s tin e  on the m lcro tubulas in  
the  tro p h io  core a/id n u t r i t iv e  tubes of Ilo toneota* E xcised  o v a rie s
-4  «"3 *3were bathed  in  10 M, 10 M and 2 x 10 M VBL, and a ls o  in
in s e c t  R inger, V in b la s tin e  tr e a te d  o v a rio le s  wore examined a t  in te r»
v a is  and coiapared w ith  c o n tro l ovario les*
For e le c tro n  microscopy whole o v a rie s  wore bathed  f o r  6 hours 
- 4  -3  -3in  10 M, 10 M and 2 x 10 VBL, in  in s e c t  îling^r. S in g le  o v ario le#
were then  removed and f ix e d  in  a  %  s o lu tio n  of g lu ta ra ld eh y d e  in
0*06 M phosphate b u f fe r  a t  pH 7#3 f o r  15 aiib  and tra r  s fe r re d  to
i;J osmium te tro x id e  b u ffe red  to  pH 7#3 w ith  veronal a c e ta te  (P a lad e ,
1952)* The o v a rio lc s  were dehydrated  in  acetone and embedded in
V estopôl W* S ilv e r  to  grey  lo n g itu d in a l and tra n sv e rse  seo tiono  were
o u t w ith  g lace  knives on a  Cambridge Ultram icrotom e ,(A.F# Huxley
p a t t e r n ) ,  mounted on Athens 483 g r id s  and doubly s ta in e d  w ith  urana^l
a c e ta te  f o r  5 u irt and l#ad  c i t r a t e  f o r  2 mii\ (R eynolds, I 963)* The
s ta in in g  so lu tio n s  were a l l  f i l t e r e d  through M illip o re  f i l t e r s
(0 .4 5 j#  pore s iz e )  im m ediately befo re  use# S ec tio n s  were examined
w ith  a  Siemens Elmiskop I  e le c tro n  m icroscope.
Experim ents to  examine the  e f f e c t  of VBL on the sy n th es is  of
BNA in  o v a rio lc s  were perform ed as fo llo w s . One of the 2 o v a rie s  from•3
an anim al was p laced  in  1 ml 10 H VBL, and the  o th e r  in  1 ml of 
R inger so lu tio n  co n ta in in g  7 x 10 U sucrose . O varies %%re bathed  
in  VBL and R inger f o r  p e rio d s  of 0 .5 ,  1 .0  and 1.75 h and then  10^1 
of a  so lu tio n  of u rid in e  g e n e ra lly  la b e l le d  w ith  t r i t iu m  (Hadlcchemioal 
C en tre , Amersham, E ngland), were added to  each and incubated  a t  20®C 
f o r  3 h. The o v a rie s  were f ix e d  in  ic e -c o ld  tr ic h lo r o a o c t lo  a c id  
f o r  10 min. and washed rep ea ted ly  in  co ld  e th an o l. S ing le  
o v a r io le 8 were d r ie d  in  g la s s  s c i n t i l l a t i o n  v ia ls  and d ig e s ted  w ith  
NOS reagen t (N uclear Chicago) f o r  12 h a t  4 0 ^ .  S c in t i l l a t i o n  
f l u i d  was added and the v ia l s  counted w ith  and w ithou t an e x te rn a l
-  5 -
barium  s tan d a rd , using  a  l iq u id  s c i n t i l l a t i o n  co u n ter (N uclear Chicago). 
The number o f d is in te g ra t io n s  p e r  min (dpm) p«.r o v a rio le  from VBL-treated 
o v a rio le#  was compared w ith  th a t  from c o n tro l o v a rio le# .
in s  b r i l l i a n t  fo ra  b iis f r in g e n o e  of tne tro p h ic  ooxti and
lo tatritive  tubas nas a lre ad y  been desc rib ed  ^idaC(&regor & Lwebbings,
—41370>* 10 m fdL had no e f f e c t  on th ia  b ire fr in g e n c e . Treatm ent
-3f o r  6 h w itn 10 M VBL e lim in a ted  b ixefringenoe  from th e  tro p h ic  
core  ami tne tubes sno^yed woakcr b iie fr in g e n c e  than those in  c o n tro l
—3ovorioles (F ig . 1 ) . After 2 x 10 M VBL f o r  6 h , b ire fr in g e n c e  was 
lo st  a lto g e th e r .
•3In  o v ario ld s  tr e a te d  w ith  10 % VBL f o r  6 n tne n u t r i t iv e  tubes
were packed w ith  ribosom es, as in  u n tre a ted  o \fa rio laa , but i n  many 
oases th# p a r a l le l  system  of m iorotubules had d isappeared  L^aving a rc s  
and c i r c l e s  of ribosom es whion p rev io u s ly  surrounded in d iv id u a l 
m ic ro tw u le s .
C ry s ta l l in e  s t ru c tu re s  irvere conspicuous in  the n u t r i t iv e  tu b e s ,
(F ig . 2 , 4) e sp e c ia l ly  c lo se  to  tne  tube m i l ,  and sometimes tu u o h it^  
i t ,  Theeo c r y s ta ls  were ra re  in  the oo cy tes , bu t d id  occur in  the 
cytoplasm  of surrounding  f o l l i c l e  c e i l s  (F ig . 2 ) . In  the n u t r i t iv e  
tubes the  long axes o f the o z y s ta ls  were u s a lly  p ax 'a lle l to  the tube 
walls* The s is e s  of c r y s ta ls  rar^ed^up to  Ij^m ac ro ss  and 4^m in  le n g th . 
In  c ro ss  a e o t l .n  the o iy s ta l s  had a  honeycomb appeai'ano© (F ig . 3)»
Each hexagonal u n it  had an in te r n a l  d ia m e te r  of gq proxim ately  18 nm.
The rim  was approxim ately 6 nm wide and in  many oases tu b u la r  su b -u n its  
cou ld  be seen in  the ri-m. C ry s ta ls  in  lo n g itu d in a l s e o tio n  appeared
-  s -
as dark  p a r a l l e l  l in e s  23 <• 30 nra a p a r t  w ith  d a rk er d o ts  a t  in te r v a ls  
o f 20 nm along t h e i r  le n g th  (F ig . 4)# Dots on ad jacen t rows were not 
p o s itio n ed  in  r e g i s t e r  but s l ig h t ly  out o f s te p .
Although in  moat oases VBL had a  d e s tru c tiv e  e f f e c t  on 
m icro tu iiu les , in  some n a u r i t iv e  tubes in ta c t  tu iorotubules c o -e x ia te d  
w ith  c r y s ta ls  (F ig . 4)« f u r th e r ,  in  s im ila r ly  t r e a te d  tu b e s .
In d iv id u a l m iorotubules were surrounded not by ribosom es, a s  in  the 
c o n tro ls ,  bu t by loose c r y s ta l  l a t t i c e  (F ig . 3)*
-3Treatm ent w ith  10 VBL d estro y ed  râiorotubiües in  tW  tro p h io  reg io n  
o f o v a r io le s . C ry s ta ls ,  o f s im ila r  s iz e  to  those in  n u t r i t iv e  tu b es, 
were s c a t te re d  amongst ribosom es in  tne tro p h ic  oox's, w ith  tu e i r  
long  axes p a im lle l to  the long a x is  of the  o v a r io le . iiaodoady 
o r ie n te d  o ry s ta f s  were found i n  the cytoplasm  oi' n u t r i t iv e  c e l l s .
The q u a n tity  of rioostm es in  tne n u t r i t iv e  o e l l s  %as g rw atly  reduced 
by VBL, w hile some of tn e  rem sin ing  riooaomea wexe a lig n e d  in  rows.
These rows of ribosom es wexe sometimes continuous w ith  tiw c r y s ta l s  
them selves (F ig . 6 ) .  There was an  Inoreaue in  the ax^ount of rough 
endoplasmic re ticu lu m  in  n u t r i t iv e  and f o l l i c l e  c e i l s  a i't e r  VBL 
trea tm en t (F ig . 2 ) .
m ioro tubules were rskreiy seen  in  n u t r i t iv e  tubus a f t e r
-32 X 10 M VBL tiw atm ent f o r  6 n (F ig . 7 , 8 ) . The ribosome 
number was a lso  reduced and the tu b es  appeared enpty in  cou^arison  
w ith  tne c o n tro ls  ^Fig. 7» b ) . C ry s ta ls  were la rg e r  w ith  l e s s  v e i l  
de fin ed  boundaries, open l a t t i c e  netwox*ks w ith  c ro s s lin k s  of varying 
le n g th s , cover much of the n u t r i t iv e  tu b e s ' c ro ss  s e c tio n s  (F ig . o ) .
U nlike the compact c r y s ta l s  these nstw orks wexe not composed of r e g u la r  
hexagonal u n i ts .  The long axes of the c ry s ta ls  in  tne n u t r i t iv e  tubes
wsre p a r a l le l  to  the tu b t v/alle T.tille sm a lle r  c r y s ta l s  in  the cytoplasm
of f o l l i c l e  c e l l s  were randoîaly o rien ta ted *
•4Treatm ent w ith  10 K VBL f o r  6 h had a r e l a t iv e ly  s l ig h t
e f f e c t  on the number and d is t r ib u t io n  o f m icrotubulea and ribosom es
in  n u t r i t iv e  tu b es. C ry s ta ls  were ev id en t around the in s id e  of tube
w a lls . The c ry a tn le  ivere u su a lly  sep a ra te d  from the tube m i l  by
ribosom es b u t were sometimes in  c o n ta c t w ith  i t .  M lcrotubules could
be seen c lo se  to  c r y s ta l s .  The su b -u n its  of the  crj'B to.ls were the
same s iz e  as those produced by o th e r  VBI- oonoentrationa* Dark membrane
s t r u c tu r e s  up to  0#25pm dianaeter were seen  in  the n u t r i t iv e  tu b es.
•3L evels r f  10 M VBL produced an 87^' in h ib i t io n  of In co rp o ra tio n  
of u rid in e  in to  RNA* The in h ib i t io n  of RNA. sy n th es is  decreased  w ith  
lo n g e r exposure to  VBL* This suggests  th a t  the  s y n th e tic  p rocess which 
i s  i n i t i a l l y  in h ib i te d  by the d rug , may p a r t i a l l y  recover* D is in te g ra t io n s  






E f fe c ts  of d i f f e r e n t  d u ia tic jis  o f VBL p jre -trea ts ien t on the  In co rp o ra tio n  
of K-uricllno in to  o \n r lo le a .  (Kaoh number i s  the aeon count of 7 o v a rio le» )
D ura tion  of VBL
p r io r  to  the 
a d d itio n  of
3H-uri&ine
C ontro l o v a rio le  
in  R inger 
dpot
O variole in  
-310 M VBL 
dpm
ï r e a ta â  us 
#  of 
c o n tro l
0#3 h r 27,491 3,590 13.1
1 h r 39,203 6,159 1 5 .7
1.75 h r 28,695 13,538 47 .2
-  9
DISOUSâXCN
V in b lastin e  su lphate  d e stro y s  tixs udcru tubules in  n u t r i t iv e
tubes of iro toneqta as  d id  oo ld  and oulotdLoine (jiiao^rogor and S teb b in g s ,
1970) .  T h e  o b s e x v a t i o t i a  a t io w  th a t  ino reased  o u n cen tra tio n s
of v io b la s tin a  tiavs a  g r e a te r  dGai.i'Uotivo e f f e c t  on the :xioro tubu le  a
in  n u t r i t iv e  tubes and th a t  the number of ribosomes in  the tubes i s
a lso  rtduoad by tu ia  di'Ug* Tfee apaoing and nuzxbcr of a ic ro tiib u la s  
«4s if te r  10 H TùL treatuaent i s  s im ila r  to  t h a t  in  u n tre a te d  iiUr<.terial*
•3In  tubes t r e a te d  w ith  10 M VBL the n u m b e r  of nioi’o t u b u l e s  i s  rïïduced.-3A fte r  exposuiw to  2 x  10 M •aicrotubulee a re  r a re .
The VBL-ihduoed o ry a ta ls  in  the n u t r i t iv e  tubes o f 'Totoneota
are  s im ila r  in  stinxoture to  those prcduoed by VBL in  ;i»immalian o e l l s
(Bensoh & Ila law is ta , I 96O; I 969) .  Ino reaaed  oonoen tra tiona  of VTO
•4produoe la rg e r  o z y a ta ls  in  tne n u t r i t iv e  tubes. A f te r  10 M VBJi trea tm en t
the o ry a ta la  a re  cuiiq>aot and c luac  In the tube m i l s ,  •wiillo a f t e r  
-32 X 10 M VBL the c r y s ta l s  spread  ovex auch of the  tubes* c ro ss  
at’o tioria  in  a  w eb-like  fastiion* lo la r i z in g - l i g h t  aicroooqpy and 
e le c tro n  -.aiorusoupy show th a t  VBL d e s tro y s  m icro tubules in  the  tro p h io  
reg io n  befo re  i t  a f f e c t s  those in  n u t r i t iv e  tu b es. I  do no t th in k  th a t  
th i s  r e f l e c t s  a  d iffe re n c e  between the rxiorotubules of the tro p h io  re g io n  
and those of the  tro p h ic  tu b es . I t  i s  more l ik e ly  to  be a  oon&eqtwrioe of 
the  r e la t iv e  i i^ e r n e a b i l i ty  of the n u t r i t iv e  tube w a ll to  VBI^
The com position and mode of fo rm ation  of the c ry s ta ls  i a  not y e t  
known, Bcnaoh & lia law ista  ( i 960; I 969) have suggested  th a t  c x y s ta la  
a r is e  d i r c o t ly  fr-um a io ro tu b u le s , because o ry -ta l®  form a s  m icrotubules 
d isap p ea r and a lso  because of the s im i la r i ty  in  s iz e  and shape between 
micz-otubules and c r y s ta l  s u b -u n its . The c lo se  proxim ity  of c r y s ta ls  and
»  10 .
m ioro tubules in  some n u t r i t iv e  tu b e s , a f t e r  VBL tre a tm e n t,supports  
th i s  idea  of » d i r e c t  oonversion ,
M icrotubules d isap p ea r and c r y s ta l s  form; bu t th i s  does m#t 
occur a t  a  d i s t in c t  c o n ce n tra tio n  ofVBL, o r  trea tm en t p e rio d , and i t  
i s  th e re fo re  w orth in v e s t ig a tin g  in ta ro w d ia te  s tag e s  f o r  c lu es  as  
to  c r y s ta l  com position. , f t e r  10 M VBL trea tm en t f o r  6 h , most 
o f the adoro tubu les have d isappeared  from n u t r i t iv e  tu b e s , IsBVlng 
c i r c l e s  and a rc s  of ribosomes which p rev io u s ly  surrounded tu b u le s .
In  some tu b e s , however, m iorotubules rem ain and the  ribosom es 
a re  rep laced  by a loose c r y s ta l  l a t t i c e .  In  the cytoplasm  of 
n u t r i t iv e  o e l l s  a f t e r  a  s im i la r  tiig^yatment, rmea of ribosomes can  
o f te n  be seen  p a r a l l e l  to ,  and to u ch in g , c r y s ta l s .  S tro n g e r con­
c e n tra t io n s  o f VBL produce la r g e r  c x y s ta ls ,  markedly few er m icro- 
tu b u le s  and a lso  a  c o n sid e rab le  red u c tio n  in  the  q u a n tity  of ribosomes 
w ith in  th e  n u t r i t iv e  tubes#
The p r o l i f e r a t io n  o f rough endoplasmio re ticu lu m  in  n u t r i t iv e  
and f o l l i c l e  o e l ls  a f t e r  trea tm en t w ith  VBL probably s ig n i f ie s  an 
in c re a se  in  p ro te in  sy n th es is  in  th ese  c e lls#  Membranes are  ra iw ly  
found In n u t r i t iv e  tu b e s , which a re  e s s e n t ia l ly  a  tra n s p o r t  system 
f o r  ribosomes# K rishan  & Hsu (l!:^9} have suggested  th a t  e x tm  
p ro te in  may be produced to  ooaq)ensate f o r  th a t  whioh i s  probably  
in co rp o ra ted  in to  c ry s ta ls#
The observ atio n s  re p o rte d  here show th a t VBI, reduced tne  le v e l  of
3in c o rp o ra tio n  o f H -u rid in e  in to  o v a r io le s ,  ju s t  a s  i t  has been shown 
to  in h ib i t  in co rp o ra tio n  in to  E h r lic h  a s o i te  carcinoma o e l l s  (C reasey 
A Markiw, 1964). T his could  account f o r  a  red u c tio n  in  the number 
of ribosomes in  n u t r i t iv e  c e l l s  and n u t r i t iv e  tubes a f t e r  VBL t r e a t -
-  11 -
ment# VBL, however, a lso  g re a t ly  reduced th e  nuober o f ribosom es 
paoking th e  ooqy tes, and th i s  oaiinot e a s i ly  be exp lained  hy  an 
in h ib i t io n  of HNA s y n th e s is ,  sinoe tn e  oooytes do no t make t h e i r  own 
ribosom es, bu t im port tnew from the tro p h io  reg ion  by way o f the 
n u t r i t iv e  tu b es  (maogregor A ü te b b in g s , 1970). The o v e ra l l  red u c tio n  
in  toe number of ribosom es oould r e s u l t  only from the d e s tru c tio n  of 
the ribosom es tnem selves by VBL.
The red u c tio n  in  ribosomes q u a n ti ty , th e i r  replacem ent by 
c r y s ta l  l a t t i c e s  around ud o ro tu b u les , and th e i r  l in in g  up in to  rows 
W hich appear to  be continuous w ith  the f ila m e n ts  of tne c r y s ta l s ,  
su g g ests  th a t  the ribosom es, o r  ribosom al components, may be involved  
in  c r y s ta l  form ation# C le a rly  the c r y s t a l s ,  in  o v a r io le s ,  a re  no t 
formed from ribosotaes a lo n e , because th e  o o cy tes , a lthough  r ic h  in  
ribosom es, have very  few ozyata ls#  I t  i s  no n e th e less  w e ll known th a t  
ribosom es c an , and do, agg regate  to  form c r y s ta l - l ik e  s t ru c tu re s  
(B yers, 1966) ,  and th a t  zdboscxma assume h e l ic a l  arrangem ents on 
trea tm en t w ith  v in b la s tin e  and v in o zd stln e  (Kingsbuzy A V oelz, I 969; 
K rishan  A Hsu, I 969) .
1 suggest th a t  the  o r ie n ta t io n  of c r y s ta l s  i s  im portan t.
In  s itu a tio n s  where tuiorotubules are aixanged in  p a ra lle l  masses, 
as in  the nu r i t iv e  tubes and trophio oores, c ry s ta ls  have th e ir  
long axes sim ilarly  aligned# In  ooncrust, where there is  no obvious 
aligcuBsnt of adorotubules, as in  the n u tr itiv e  c e lls  and fo l l ic le  
c e l l s ,  the c ry s ta ls  are randomly oriented# The question of ozyatal 
composition remains# Feasibly the c ry s ta ls  ai*e formed e n tire ly  from 
microtubule pro tein  since VdL destroys uiorotubules and induoes ttie 
formation of c ry s ta ls  and also  because c ry s ta ls  form olose to , and 
around, in tao t adorotubules and are rare  in  regions lacking uiorotubules#
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A lte rn a tiv e ly  I t  1» p o ssib le  th a t  oomponents of bo th  ribosom es and 
m iorotubules c o n tr ib u te  to  th e  fo rm ation  of c r y s ta l s .  I f  th i s  i s  the 
c a s e , then  the o z y s ta ls  a re  n o t such a pure source o f m icrotubule 
p ro te in  as has been a n tic ip a te d . Ge ta in ly  th e re  a re  c ase s  where 
VBL Induoes the p r o l i f e r a t io n  of m iorofilam ents and no t tne form ation  
o f o rr rs ta ls  (W isniewski o t  , 1968).
Recent experim ents have shown th a t  v in b la s tin e  p r e c in i ta te s  m icro- 
tu b u le  p ro te in  from supem alA nts o b ta ined  from homogenates of t is s u e s  
r ic h  in  m iorotubules (M arants, V e n t i l la  & S h e la n sk l, 1969; Olmsted, 
O arlson , K lebe, Huddle A Hosenbaum, in  p r e s s ) .  In  some c a s e s , 
sec tio n ed  and negative  c o n tra s t  p re p a ra tio n s  of p re c ip i ta te s  showed 
fe a tu re s  resem bling the  c z y s ta lU n e  s t ru c tu re s  produced ijg vivo a f t e r  
trea tm en t w ith  VBL, (Bensoh, Mareuitz, Wisniewski A S h e lan ak i, 1969; 
M arantz A ü h e lan sk l, 1970)# These s t ru c tu re s  have been c a l le d  m icro- 
tu b u le  c r y s ta l s .  My own p r e l i  in a ry  o b serv a tio n s  show th a t  virib3.astine 
produces a  w hite p re c ip i ta te  from su p ern a tan ts  of homogenates of 
N otoneota o v a r ie s , bu t th a t  t h i s  p re o ip ia te  snoiiw iw c r y s ta l l in e  o r  
l a t t i c e  s tru c tu re  when examined by l ig h t  o r  e le c tro n  oiiorogrrphs. I t  
may be th a t  VBL p r e c ip i ta te s  s e v e ra l p ro te in s ,  some of which a re  not 
m ic ro tu b u la r and th a t  c r y s ta ls  appear only in  su p e rn a tan ts  of t is s u e s  
where m icro tubules c o n tr ib u te  a  f r a c t io n  of the t o t a l  p ro te in  la rg e  
enough to  show as a  major band upon g e l  e le c tro p h o re s is . I t  would be o f 
in t e r e s t  to  know (a ) how many p ro te in s  a re  p re c ip i ta te d  by VBL,
(b) how many of th ese  a re  Involved  in  the  fo rm ation  of c r y s t a l s ,  and 
(o) w hether any of th ese  p ro te in s  a re  de riv ed  from ribosom es.
I  wish to  thank P ro fe sso r  H.O. iuiogregor f o r  many h e lp fu l suggestions 
and c r i t ic is m s  during  t h i s  s tu d y .
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Legends to f ig u re s
Fig, 1, PhotoBdorogrtiph in polarised  l ig h t  of the a n te rio r  region 
of 2 ovario les, Toe ovariole on the l e f t  has been bathed
•3fo r 6 h in  10 M VBL, The one on the r ig h t was îcept in  
Ringer,
F ig s , 2 , 3 , 4* 5 and 6 a re  e le c tro n  m icrographs of o v a rio le s  a f t e r
-3treatment fo r  6 h with 10 M VBL,
Fig , 2, iL'ansverse seotion through %)art of an ov irio le  showing an
oooyte <^0o), aad a n u tr itiv e  tube (nt) surrounded by fo l l ic le  
o e lls , Urys ta is  (o) oan be seen in  the tube and the 
f o l l ic le  c o lls . In  the tuba the c ry s ta ls  aiw out in  tran s­
verse sec tion , while in  the fo l l ic le  o e lls  o ry s ta ls  firê 
randoulj'' orien ted .
P ig , 3# T.8# through a c ry s ta l , showin the hexagonal sub-units.
In some regions f i b r i l s  can be seen in  the rim of these 
sub-units.
F ig, 4* L,8, of a n u tritiv e  tube, snowing the coexiatencG of mioro-
tubulea and c ry s ta ls . In suon sections of n u tr itiv e  tubes 
the c ry s ta ls , a.id adorotubules when present, ai'e a l  mys 
seen in  longitudinal section .
Pig, 5, T,8, through p a rt of a n u tr itiv e  tube showing microtubules
surrounded by an extensive o iy s ta l la t t ic e .  There are few 
contacts between ozystals and udorotubules.
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F ig . 6. S eo tiun  through tris oytoplaam of a  n u t r i t iv e  o e .il, Rovss
of ribosom es appear to  be in  oo n tin u ii^ ' w ith  the c ty s c a l ,  
wnich i s  seen in  L .a . There i s  an  o u t-o f -s te p  ai rangeaan t 
of ribosom es in  ad jacen t rows.
F ig s . 7 and 8 are oidotron miorographs of ovarioles a f te r  6 urs.
Treatment w ith  5 x 10 M VBL.
i l g ,  7# T .b . through p a r t  of a  n u t r i t iv e  tube showing a c r y s ta l
Iout in  T.Ü. In  com parison w itn  c o n tro ls ,  v e ry  few j
m iorotubules can bo si on, and the  q u a n tity  o f f r e e  1
ribosome i s  co rrespond ing ly  I'oduoed. I
F ig . 8* OrystSL s tru c tu ra , sp read  over much of the T .8 . of the |
n u t r i t iv e  tube . In  p la ce s  the c ry s ta l  s tru o tu iw  i s  loose i
and w eb-like ^arrowed; wnlch c o n tra s ts  w ith  the  re g u la r  
hexagonal su b -u n its  of oo*upaot o z y s ta ls .  In  th i s  tube
tn e re  i s  an  a lm ost t o t a l  ubuenoe of |greo ribosouus. 1
1 -
-  Appendix I I I  -
Maintenance o f in s e c t  ov arian  m icro tubu lar s tru c tu re  
and fu n c tio n  ^  v i t r o .
The morphology and u l t r a s t ru o tu r c  of tne te lo tro p h ic  ovary of
Kotoncota glauoa Klauoa L inn. ,  and the system whereby ribosom es a re
tra n sp o rte d  from tro%)hooytbs to  oooytes has been d esc rib ed  by Macgregor 
1
and S tebbings . One o f u s , (H .S .) has been involved  in  an In v e s tig a t io n
of the ex ten siv e  system  of mior*otubules in  the  n u t r i t iv e  tu b e s , e s p e c ia l ly
2w ith  regard  to  the e f f e c t s  of a n tim ito t ic  ag en ts  on th ese  ox'ganelles .  
P rev ious expeilm ents w ith  drugs and ra d io iso to p e s  have involved  the  
in je c t io n  of the substances In to  l iv e  an im als. -?e considered  th a t  an 
in  v i t r o  c u ltu re  tech n iq u e , f o r  te lo tro p h io  o v a r ie s , would f a c i l i t a t e  
more d e ta i le d  exam ination of the a c tio n  of a n tim ito tio  drugs a n i  t^e 
in co rp o ra tio n  of la b e l le d  oor^ounda under s t r i c t l y  c o n tro lle d  c o n d itio n s . 
The p re sen t study d e sc rib e s  such a  techn ique.
O varies were removed under L ocke 's  s t e r i l e  in se o t R in g e r, wz shed 
th re e  tim es in  s t e r i l e  R in g e r, and f i n a l l y  in  G race 's  M odified In s e c t 
Medium (Grand Is la n d  B io lo g ic a l Company). The c u ltu re  oîjainbsrs used 
were 5*5 cms diam. s t t r i l e  p la s t i c  p e t r i  d ish es  (Nunclon; S te r i l in g  L td . ) ,  
the  b ases  of which ware so ra tohed  w ith  a  s c a lp e l b la d e . By sc ra tc h in g  
a t  r ig h t  a n g le s , p o in ts  of p l a s t i c  were r a is e d ,  and th ese  ac ted  as r a f t s  
whioh e lev a ted  the o v a rie s  from the base o f the  d is h , thus a llow ing  f re e  
o iro u la t io n  of medium around the o v a r ie s . The roughened base a lso  
served  to  anchor the  ovary duirlng the  changing o f media. The excised  
and washed o v a rie s  were tra i is fe r re d  to  the r a f t s  in  the p e t r i  d is h e s , 
wtiich con ta ined  2 .3  mis of in s e o t mediisa to  whioh had been added 
C zystaoyoin (0.l6m g/m l t Glaxo) and ^ohromycin (0.02mg/ml : L e d e rle ) .
-  2
During long perio d s  of o u l tu r e ,  the medium in  eaon d ish  was obanged
ro u tin e ly  every  twelve hours. A ll procedures wore perform ed in  a
p o rta b le  s t e r i l e  wozlcbenoh (M ioroflow ).
The s t r u c tu r a l  in t e g r i ty  o f the o v a rie s  during  c u ltu re  perio d s  of
up to  2 days was examined in  p o la r is e d  l ig h t  and by e le c tro n  mlorosccpy.
1*3,4 ,S tru c tu re s  composed of packed miorotWaulea a re  in v a r ia b ly  b l i 's f r in g e n t
and we have u t i l i s e d  the  in te n s i ty  of b ire fr in g en c e  as a  rough in d ic a t io n
of th e  s ta te  o f the m icro tubules in  th e  n u t r i t iv e  tu b es . The tro p h ic
oo res and the  n u t r i t iv e  tubes were s tro n g ly  b iré f r in g e n t  throughout
c u ltu re  (periods of 2 d ay s, in d ic a t in g  m icrotubule p re se rv a tio n . E lec tro n
m icrographs of n u t r i t iv e  tubes a f t e r  2 days in  c u ltu re  were in d is t in g u is h -
1
a b le  from those o f f r e s o ly  ex c ised  m a te ila l .
The sy n th es is  o f KNA and i t s  t ra n s p o r t  down th e  tro p h io  tubes has
1
been dem onstrated In  v ivo  .  I t  has been re p o r te d , however, th a t  the
5s a l iv a ry  g lands of D rosophila  f a i l e d  to  sy n th es ise  ribosom al RNA ^  v i t r o  • 
We th e re fo re  thought i t  im portan t to  determ ine f o r  our c u ltu re  system  
a ) w hether RKA was c o n tin u a lly  oyi^thesised , b) i f  zRHA was made, and 
o) w hether i t  was tra n sp o rte d  down the  n u t r i t iv e  tubes to  th e  oocytes.
To c l a r i f y  the f i r s t  p o in t ,  o v a rie s  were c u ltu re d  in  medium co n ta in in g  
50^l/m l (3Ui/B* : Radiochem ical C en tre , Amers ham) and o v a rio le s  removed 
a t  2h, 6h, 12b, 24n and 4dh , f ix e d  f o r  5 m in  ic e  co ld  3^ TGA, d ig e s ted  
w ith  NOS (N uclear Chicago) (0 .4  mis NOS ; 0 .03  mis w a te r /o v a r io le ) , and 
the  counts p e r  minute p e r o v a rio le  determ ined by l iq u id  s c i n t i l l a t i o n
3coun ting . O vario les were found to  in c o rp o ra te  H u rid in e  l in e a r ly  in to  
RNA during  a  48h p e rio d  (F ig . 1 ) . Secondly , to  determ ine w hether xRNA
was made ^  v i t r o , o v a rie s  were c u ltu re d  f o r  24h before  being  tra n s fe r re d
3to  a  medium co n ta in in g  H u rid in e  (I0 0 ^ l/m l : 30 Cl/aM ). A fte r  6h, the6
RNA was e x tra c te d  as  p e r  Brown and L i t tn a  , a%»d c e n tr ifu g e d  to  eq u ilib riu m
-  3
on 5 -  20?fc 8 no ro se  g ra d ie n ts  (54,000 g a t  5*0 f o r  2 0 .5 h ). 25 drop
f r a c t io n s  were c o lle c te d  and t h e i r  o p t ic a l  d en s ity  of 260 ny measured.
50/al of eaoh f r a c t io n  was d r ie d  onto  c e llu lo se  f i l t e r s  and the opn
determ ined by l iq u id  s c i n t i l l a t i o n .  The r a d io a c t iv i ty  p ro f i le  rev ea led
newly sy n th es ised  ribosom al RNA (see  Fig# 2 ) . F in a l ly ,  to  in v e s t ig a te
th e  movement o f RKA ^  v i t r o ,  o v a rie s  were pu t in  c u l tu r e ,  and allow ed
to  'a c c l im a te ' f o r  24h, and then  tz a n s fe r re d  to  f r e s h  medimm, w ith
H -u rid in e  (lOjol/oLL i 3Ci/nM). A f te r  in cu b a tio n s  of 3h , 12h and 24h,
the o v a rie s  were f ix e d  in  San f e l lo e  , washed in  w a te r , dehydrated in
e th an o l and embedded in  m eth ao iy la te . S ec tio n s  (l^m) were c u t ,  mounted
on s l i d e s , and au torad iographed  (a s  in  Maogregor and S tebbings )•  vÿe
observed a p ro g ressiv e  movement of la b e l le d  RNA w itn  tim e , fn m  the
tro p h io  c e l l s ,  in to  the tro p h io  core  and thence down the  tu b e s , as has
1
been rep o rted  iji v ivo#
The a b i l i t y  to  c u ltu re  su c c e s s fu lly  the te lo tro p h io  ovaiy expands 
co n sid erab ly  the u sefu ln ess  of th is  organ in  the  s t u ^  of th e  s t r u c tu r e ,  
fu n c tio n  and assembly of m ic ro tu b u les | and th is  technique i s  being 
employed a t  p re sen t to  in v e s t ig a te  th e  e f f e c ts  of c o lc h ic in e , v in b la s tin e  
s u lp h a te , and o th e r  a n t im ito t ic  ag en ts  on the m icrotidiules and the 
recovezy of the system a f t e r  removal o f suon drugs.
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IWTHCDUCïICWi
OytoplasBio u lo ro tu b u le s  hav# been observed in  a  wide v a r ie ty  of 
anim al and p la n t o e l l s  (P o r te r ,  1966) .  In  the m a jo rity  o f o a se s , the  
t i s s u e  has been p re -f ix e d  w ith  g lu ta ra ld eh y d e  p r io r  to  e le c tro n  m icros­
copy, and a f t e r  t h i s  f ix a t io n  procedure the  morphology of the  m loro- 
tu b u lee  has been found to  be ex trem ely  uniform . In  tre jisv e rse  s e c t io n , 
odoro tubules appear as filam e n ts  w ith  a  c e n tr a l  reg ion  o f low d e n s ity . 
A lthough the d iam eter o f m icro tubules in  d i f f e r e n t  re p o r ts  v a r ie s  from 
18 -  25no, the d if fe re n c e s  In  dim ensions may be due to  d if fe re n c e s  In  
measuring te ch n iq u es , s in ce  w ith in  a  p a r t i c u la r  c e l l  o r t lo s u e ,  the 
m icro tubules are u su a lly  the same s i s e .  In  lo n g itu d in a l s e c t io n , m icro- 
tu b u le s  sometimes appear s t r a ig h t  and sometimes wavy, and up to  s e v e ra l 
mlorons in  len g th .
Some in fo rm ation  reg ard in g  the s u b -s tru c tu re  of m icro tubules has 
been gained from the exam ination of th in  sec tio n s  (L ed b e tte r & P o r te r ,  
1963) .  However, most of the d e ta i ls  of th e  su b -s tru c tu re  of m lorotubules 
have come from s tu d ie s  of n e g a tiv e ly  s ta in e d  m icro tubu les, bo th  from 
d is ru p te d  c e l l s  (G a ll ,  I 966; B a m lo o tt ,  I 966 ; K ie fe r , S a k a i, G clazi & 
i ia s la ,  1966) and p re p a ra tio n s  of f l a g e l l a e (G riastone & K lug, I 966 ;
Behnke & Z e lan d er, 1967).
There has been growing in te r e s t  in  the s p a t i a l  r e la t io n s h ip  between 
mlorotubul&s and the cytoplasm  which surrounds them, e s p e c ia l ly  w ith  
regard  to  th e  p o ss ib le  fu n c tio n  of m icro tubu les. M icrotubule to  m icro- 
tu b u le  c ro ss  connections have been observed in  a  number o f s i tu a t io n s  
(Grlmstone & C leveland, 1965; Tucker, I 968 ; T ilney  *  B yers, I 969 ; Roth, 
F lh la ja  & Shigenaka, 1970), and i t  la  g e n e ra lly  accepted th a t  the  c ro ss  
b rid g e s  fu n o tlo n  to  bold the  tu b u le s  to g e th e r , thus p rov id ing  r i g i d i ty .
In  c o n tr a s t ,  where m lorotubules a re  found in  t r a c t s  of cytoplasm lo flow ,
■» 2 «
a * c le a r  soiie' has been observed around in d iv id u a l tu b u le s  from 
which o th e r  c e l l u l a r  m a te r ia l i s  excluded (L ed b e tte r & F o r te r ,  1963; 
a i l v e r  6  M oKinstry, 19&7; Wkogregor & a teb b ln g a , 1970)# There a re  a  
few re p o r ts  of aimm o r c ro ss  b rid g es  whloh seem to  l in k  m icro tubules 
to  p a r t lo le *  whloh iùove a lo n g sid e  them ( lio k e tt-H ea p s  & N o rth co te , I 966 ; 
Sm ith , 1971)» and Tuoksr (1972) has deaoxlbed ariz b ea iln g  m lorolubules 
whloh he su g g ests  aiw involved i n  the p ro p u ls io n  of m a te ria l a longside  
the  tu b u lo s .
Since tne m a jo rity  of evidence as  to  the s t ru c tu re  of mici-otubules 
and t h e i r  r e la t io n s h ip  to  o th e r  oytoplasm in in c lu s io n s  comes from 
o b serv a tio n s  of f ix e d  m a te r ia l ,  the  q u e s tio n  a x ls e s , how does th is  
observed s tru c tu re  i c l a t e  to  th e  s t ru c tu re  of mioix)tubulee in  tne  l iv lz g  
c e l l?
One o f the  most ex ten s iv e  ag g reg a tio n s  of iBiox*otubules y e t  observed, 
i s  th a t  i n  ttie telotxropiiic o v a rie s  of heudptexan in sec ts#  Maogregor & 
a teb b in g s  ( 1970) have found th a t  in  the ovazy of N o tonecta . the tro p h ic  
tubes which l in k  an an te  id  o r  tro p h ic  re g io n  to  a  s t r in g  of developing 
o o cy tes , each o o n tu in  approx i m te ly  30,000 odoro tubu les; and tn a t  ribosom es 
pass along tne tro p h io  tubes to  the oo cy tes , where they a re  stored#
In  th ia  s tu d y  we have employed tne f re e se -e to h  technique to  look a t  
the  system  of m icro tubules in  the  ovazy of N otoneota. amd have ooo^/ared 
these observ a tio n s  w ith  those from negativej|y  s ta in e d  m ioro tubules is o la te d  
from these  o v a r ie s . I n  th i s  way, we hoped to  ubsei've m icro tubules which 
had no t been su b jec ted  to  any ohemioal f ix a t io n ,  dehydra tion  o r oUbedding 
p rocesses and r e l a t e  these  o b serv a tio n s  to  the s tru c tu re  and a rra i^em ent 
o f m icro tubules seen in  f ix e d  m a te r ia l.
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iUTKHIALS AîO
Not onto ta  g lauoa g iauoa L inn, were (S ta in ed  irom a  f i r e  pond in  
Tentem ulr F o re s t ,  F i f e ,  ü o o tland .
I n i t i a l  a ttem p ts  to  i s o la te  and n eg a tiv e ly  s ta in  m iorotubnles from 
the ovary of Notoneota proved th a t  th ey  a re  extrem ely la b i le  s t ru c tu re s .
I t  was th e re fo re  e s s e n t ia l  to  s t a b i l i s e  the  m iorotubules w ith  b u ffe re d  
he xylene g lyoo l in  co n ju n ctio n  w ith  g o ld , and a  s l ig h t ly  a c id ic  pH -  a  
techn ique f i r s t  d e sc rib ed  by Kane ( I 962) and more re c e n tly  m odified by 
K irk p a tr ic k  ( I 969) .  O varies were removed, and the p o r tio n s  co n ta in ing  
the sm a lle s t oocytes and th e  most tro p h io  tu b e s , the *neck* re g io n , were 
ex c ised  from two o v a iie s  and l ig h t ly  homogenised in  b u ffe re d  hexylerjs 
g ly c o l on ic e  (1M he xylene g ly c o l in  0.003% potassium  b u f f e r ,  pH 6 .5 ) .  
M a te r ia l was picked up on Form ver/oarbon coated  g r id s  and n eg a tiv e ly  
s ta in e d  w ith  u rany l a c e ta te  and phosphotungstio  ac id  (a s  p e r  G a ll ,  I 966) .
For f r e e s e -e tc h in g , o v a rie s  were removed and sm all p ieo es  of 
o v a rio le s  p laced  in  2C^ > g ly c e ro l in  R in g e r 's  so lu tio n  f o r  10m. The 
'n e c k ' re g io n  was then  ex c ised  a r^  mounted on c o lla re d  gold  specimen 
ho ld ers  before fre e z in g  in  Freon 22. The fre e z e -e tc h in g  method was 
acco rd ing  to  the now s tan d a rd  technique of Moor & M uhlethaler ( 1963) .
The e tched  specimens were shadowed w ith  p la tin u n /ca rb o n  from an e le c tro n  
beam souroe In  a  'B a isers*  360tS fre e z e  e tc h e r .  The r e p l ic a s  of the fro ze n  
f r a c tu re d  su rfa ce s  were c leaned  using  commercial b leach  (C h lo ros, IC I) 
f o r  3h fo llow ed by su lp h u ric  ac id  f o r  6h , and th en  mounted on Fonavar 
ooaied  g r id s .
The n e g a tiv e ly  s ta in e d  p re p a ra t io n s , and f re e z e -e to h  re p lio n s  were 
examined using ASI KM 6B and 802 e le c tro n  mioro scopes.
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OBSERVATIONS*
A fte r  i s o la t io n  in  b u ffe red  bexyleue g ly o o l, fo llow ed by negative  
s ta in in g ,  len g th s  of (oiorotubulee oould be seen  over the su rfaoee  of tne 
grids#  The u io ro tu b u les  were s t r a ig h t  o r  s l ig h t ly  ourved , and broken 
ends oould be seen# Where in d iv id u a l mioro tubu les v«re f r e e  from o th e r  
m a te r ia l ,  they were more c o lla p se d  (Fig# 1 ) ,  and in  some oases even s p l i t  
open (Fig# 2)# In  such s p l i t  mioro tu b u le s , 11 p a r a l le l  su b -filam en ts  were 
v is ib le  in  the w a ll (Fig# 2) and re p e a tin g  su b -u n its  of approxim ately 4nm 
were measured along the le n g th  of many sub-filam ents#
M o ro tu b u les  were v is ib le  in  f r e e se -e to h  re p lic a s  of tro p h io  tubes 
(F ig s ,3,4}# In  lo n g itu d in a l f r a c tu r e s ,  th e  m iorotubules were s t r a ig h t ,  
alm ost p a r a l l e l  and r a r e ly  touched eaon other# The su rfa c e s  of c e r ta in  
m ioro tusu les were exposed by th e  f r a c tu re  process and o th e rs  were s p l i t  
open to  re v e a l the c e n tr a l  'oore* (F ig#5)# In  somo oases bo th  o u te r  
and in te rn a l  su rfa c e s  of s in g le  mioro tu b u le s  were rev ea led . At the 
in te r n a l  su rface  e s p e c ia l ly ,  a  lo n g itu d in a l  re p e a t of 4nm was sometimes 
v is ib le ,^ w h ic h  corresponds w ith  the n e g a tiv e -s ta in e d  image (F ig#))#
Oblique and tran sv e rse  f r a c tu re s  of tro p h ic  tubes snowed the  c i r c u la r  
p r o f i l e s  o f m icro tubules (F ig s .4 ,6 )#  The m lorotubules were approxim ately  
26nu in  d iam eter, compared to  20nm d iam eter of f ix e d  and sec tio n ed  m icro- 
tu b u le s  (^/Aogregor & d te b b in g s , 1970)# In  both  oblique and lo n g itu d in a l 
f r a c tu re s  ( F ig s .5 ,6 ) ,  p a r a l le l  su b -filam en ts  oould be seen  in  p o r t  of the 
w a ll o f some m icrotubules#
The n eg a tiv e ly  s ta in e d  p re p a ra tio n s  show no s t r u c tu r a l  p ro je c tio n s  
from the m icro tubu les. Amongst the tu b u le s  were round s t r u c tu r e s ,  which 
we assume to  be ribosom es; because of th e i r  s is e  and because m lorotubules 
and ribosomes a re  the only  v is ib le  components seen in  th in  s e c tio n s  of
5 -
the troj^hio tubes (liaogregor & 3 teb b ln g « , 1970)# A lthough th e re  were 
ribosom es between the ü lo ro tu b u le s , in  some re g io n s , the su rfa ce s  of the 
m loro tubules appear to  be 'enorustsd*  w ith  ribosomes*
In  the frao ze -a to h  lo i> g itud lnal f r a c tu r e s ,  h a iry  p ro je c t io n s  oan 
be seen Sram Ind iv id u a l ïdoï*otubules and more obviously  between a d jacen t 
m lorotubules (F lg t 3,7)* These p ro je c tio n s  ranged from 10 -  20nm in  
length*
In  tran sv e rse  f r a o tu re  bo th  the (oiorotubule 'c o r e ' and the 'c l e a r  
zone' which surrounds eaoh udoro tubu lo , oan be seen . Tills a r i s e s  a s  a  
r e s u l t  of ioa  fo rm ation  in  these  reg io n s  during f re e z in g  and the sub­
sequent e tch ing  of t i l ls  ioe*
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OISCUSSICKï
The p r in c ip a l  o b je c tiv e  of th i s  a tu^y  was to  compare the  appearance 
of th e  m iorotubulea in  f re e z e -e to h  r e p l ic a s  of tro p h ic  ta b e s , w ith  th a t  
o f m icro tubules in  f ix e d  and sec tio n ed  m a te z la l, and a ls o  w ith  m icro- 
tubule*  which had been I s o la te d  from whole o v a rie s  and n e g a tiv e ly  sta ined#  
Some d if fe re n c e s  were im m ediately apparent# In  lo n g itu d in a l s e c tio n s  of 
tro p h io  tu b a s , the  o ic ro tu b u le s  have been d esc rib ed  a s  f in e ly  wavy 
(Msogregor d  S tabbing* , 1970) whereas in  b o th  the f r e e s e -e to h  re p l ic a s  
and the n e g a tiv e ly  s ta in e d  p re p a ra t io n s , the  m loro tubules appear s t r a ig h t  
o r  only  g e n tly  curved. We reg a rd  the  s tra ig h tn e s s  to  be c lo s e r  to  the 
tru e  s i tu a t io n ,  since  th e re  i s  le s s  chance of a  change o ccu rrin g  w ith  
f r e e se -e to h in g , and i t  seems le s s  l ik e ly  th a t  wavy odoro tubules would 
s t r a ig h te n  than  v ioe-versa#  Jen sen  and B a je r ( I 969) have a t t r ib u te d  a  
corresponding  waviness of sp in d le  m lo ro tubu les , in  the d iv id in g  endo­
sperm o e l l s  of Haemanthus. to  a  post-mox teno shzlnkage of ad jac e n t long 
chromosomes#
The in fo rm ation  reg ard in g  the s u b -s t in c tu re  of m iorotubules which 
was ob ta ined  from the exam ination of f re e z e -e tc h  r e p l ic a s  corresponds in  
many re sp e c ts  w ith  th a t  ga ined  from s tu d ie s  in  which the microtiR>ules 
had been su b jec ted  to  chem ical f ix a tio n *  Sub-filam ents have been observed 
in  th e  vAills of m icro tubules a f t e r  th in  sec tio n in g  (L ed b e tte r  St P o r te r ,
1963) and a f t e r  negative s ta in in g  (Andre *  T h ie iy , I 963; K iel f a r ,  S aka i, 
S o la r l  ét k a z ia ,  I 966; B a m io o tt ,  I 966)# In  our oblique and lo n g itu d in a l 
f r a c tu r e s ,  su b -filam en ts  oould be seen in  a  s e o to r  of the w a lls  o f ma^y 
m icrotubules* There has been s p e c u la tio n  as to  the  number of su b -filam en ts  
w ith in  the w alla  of m ic ro tu b u les , bu t the f re e z e -e tc h  technique d id  not 
re so lv e  th i s  q u e s tio n , s in ce  the  su b -filam en ts  were never v is ib le  a l l  the
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vmj round a  s in g le  &icrotubul@# L e d b e tte r  à  P o r te r  ( I 964) used th e  
photographic r o ta t io n a l  re ln foroem ent technique of Markham, Frey and 
K i l l s  ( 1963) to  re in fo rc e  the  image of p la n t m lorotubules in  t i i in  tz-ane- 
v e rse  s e c tio n s , and concluded th a t  th e re  were probably 13 sub-filam en t*  
w ith in  the  p a l ls  o f the m icro tubules woioh they  examined* Numerous 
s tu d ie s  of n e g a tiv e ly  s ta in e d  m icro tubules have re p o rte d  d i f f e r e n t  
numbers ox’ su b -filam en ts  in  the  w a lls  of tne  tubules* These f ig u re s  
v a ry  from 10 -  I 4  (see  Behnke & L elandor, I 967) ,  and i t  i s  q u ite  p o ss ib le  
th a t  m icro tubules in  d i f f e r e n t  s i tu a t io n s  a re  composed o f d i f f e r e n t  
numbers of su b -filam en ts . In  oui n e g a tiv e ly  s ta in e d  p re p a ra t io n s , ivher# 
in d iv id u a l id c i’o tu b u les  had s p l i t  open and presusKxbly unfo lded  onto the 
g r id s ,  11 p a r a l l e l  su b -filam en ts  were counted*
Using the f re e z e -e tc h  tech n iq u e , Noxthoote and Lewis ( I 96Ü) nave 
observed m lorotubules beneath  the plasmalemiidL a t  the 'oy top lasm io  surface* 
of pea ro o t t i p  c e l l s  and i-ecorded tn a t  tha tubu les  showed a  d i s t in c t  
s u b -s tru c tu re  along th b lr  le n g th , th e  na tu re  of which was not d is c e rn ib le  
w ith  the re s o lu tio n  they  were ab le  to  aonieve* Using the same tech n iq u e, 
to  examine y e a s t  o e l l s .  Moor (1967) ha* proposed a  m icrotubule model 
w ith  th e  w a lls  c o n s is tin g  of 4nm eu b -u n lts  a rrang  d in  a  double h e lix ,  
and the su b -n n its  a lig n e d  in  p a r a l l e l  row s, oorreaponding to  tue beaded 
su b -filam en ts  seen a f t e r  negative  s ta in in g *  Our p re p a ra tio n s  a lso  snowed 
a  p e r io d ic i ty  of 4nm along many f r a c tu re d  m icro tubu les , e s p e c ia lly  where 
the f r a c tu re  h i^d occurred tnrougn the *ooros' of tne m icrotubules* Although 
care  must be taken  in  in te rp re t in g  the r e a l i t y  of ap p aren t s u b -s tru c tu re  
c lo se  to  the l im it  of re s o lu t io n  of the  f re e z e -e to n  technique (w ii l is o n  & 
Cocking, 1972) ,  we reg a rd  the p e r io d ic i ty  seen along the m icro tubules 
in  f r e e z e -e tc h  r e p l ic a s  as r e a l ,  s ince  i t  matches c lo s e ly  th a t  seen along
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m lorotubules wnioh nave been n e g a tiv e ly  stained*
A number nf o th e r  p o in t#  emerge I ro n  our fre e z e -e to h  study* In  
lo n g itu d in a l f rao tu ro a  of tro p h io  tu b o s , tlie jiio ro tubule»  sometimes 
f ra c tu re d  to  iev<^al t h e i r  su rfa c e s arid in  o th e r  cases t h e i r  in te r n a l  
s t r u c tu r e .  W iilison  wtd Cooking (1972) taive found a  s im ila r  ooourrenoe 
when ro d - lik e  v iru se s  a re  frac tu red #
What i s  the s ig n ifio an o o  of the p ro je c tio n s  from , and th e  d i s t i n c t  
b rid g es  between o d o ro tu b u les , in  tne f re e z e -e to h  p i'epara tlons?  There 
are  a  few re p o rts  wnere arms o r c ro ss  b rid g es  soeu to  l in k  m lorotubules 
to  p a r t i c le s  whioh move alongside  them* iio k e tt-H e a p s  and N orthcote ( I 966) 
have shown b rid g es  whioh litüc v e s ic le s  o f the smooth endoplasmic re ticu lu m  
to  sp in d le  tu b u les  in  wheat mcrlstem c e l l s ,  and Smith (1971) has d e sc rib ed  
b r id g e s  wnion Jo in  sy n ap tic  v e s ic le s  to  neuro tubules in  the  axons of the 
lamprey* Tucker (197%) has observed rows of arm -bearing m icro tubules 
l in in g  the  sucking m outhpaits of o i l i a t e s  and has suggested  th a t  the  arms 
a re  invo lved  in  the p ro p u ls io n  o f m a te r ia l a longside the  tubules*
Maogregor and S tebbings (1970) have shown th a t  ribosom es pass along  
the tro p h ic  tubes wnich a re  packed w ith  cytoplasm ic m ic ro tu b u les , bu t
Lthey  d id  not obsezve any prom insnt ara«j o r  c ro ss  b rid g es  a sso o ta ted  w ith  a^
the m icro tubules in  t h e i r  t i i in  s e c tio n s  a f t e r  conven tional f ix a t io n  and I
s ta in in g  techniques* The b r id g e - lik e  s t ru c tu re s  between the  odorotubules #
4and th e  p ro je c tio n s  from in u iv id u a l tu b u le s  seen in  the f r e e z e -e tc h  
r e p l ic a s ,  may be fu n c tio n a lly  im p o rtan t, while on the  o th e r band, they  
may be sim ply e u te o tio  s t r u c tu r e s ,  a r is in g  as a  r e s u l t  o f ic e  c ry s ta ls  
growing between the adorotubules* i
A *oleai' zone* tias been d e sc rib ed  arouna In d iv id u a l m lorotubules 
(L ed b e tte r  & P o r te r ,  1963» S i lv e r  éb M cKinstry, I 967; Maogregor & S teb b in g s ,
1970) ,  and i t  has been suggested  tn a t  t i l l s  'c l e a r  zone' may be the r e s u l t
of shrinkage ou f ix a t io n  (Maser & P h i lp o t t ,  I 964)# However, Lane & 
T rehem e (197^)) have found th a t  i f  axons from oootoroaoh g an g lia  war# 
f ix e d  and s ta in e d  w ith  lantlxanum hydroxide, as opposed to  the u su al 
p re p a ra tiv e  teo iin lques, then  the * o lea r zones* around the tu b u le s  
s ta in e d  a s  d id  theii* cores* They oonoludtd tiu it the  ' o ie a i ' zones* were 
r e a l  s t r u c tu r e s ,  p iobab ly  composed of siucopolysaocharide* S u b s ta n tia lly  
s im ila r  s t r u c tu r a l  f e a tu re s  a re  seen  in  tran sv e rse  and oblique f r a c tu re s  
of mio I'd tu b u le s , in  th a t  t h e i r  w a lls  a re  dark and the zone around 
in d iv id u a l tu b u le s , and t h e i r  c o re s , appear l ig h t  in  shadowed rep lic a s*  
Although the f r e e s e -e to h  technique docs net p rovide any evidence 
as  to  the com position of the *c le a r  sons* , ezoept th a t  i t  p robably  has 
a  high w a ter c o n te n t, our observ a tio n s  confirm  th a t  they  a re  r e a l  
s t r u c tu r e s ,  a i^d not a r t i f a c t s  of f ix a tio n *  Indeed, some autnor*  have 
s t r e s s e d  tn a t  m lorotubules may have s t r u c tu r a l  components n o t shown 
by co n v en tio n al f ix a t io n  arvi s ta in in g  techn iques (S i lv e r  & mcKinstzy, 
1967» F o re r , 1>&9)#
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P ig . 1.
M lorotubules i s o la te d  from o v a rie s  of lio toneo ta  in  hexylene g ly o o l 
and n eg a tiv e ly  s ta ined*  Where in d iv id u a l m icrotubules a re  fiw e from 
ribosomes they a re  more c o lla p se d  and show su b -filam en ts  in  t h e i r  w a lls  
and re p e a tin g  su b -u n its  along th e i r  le n g th s ,
F ig . 2.
T his f ig u re  shows a  m icrotubule wnioh has s p l i t  open and u n fo ld .d  
onto  the  g r id  (see  arrow s) re v e a lin g  a l l  the su b -filam en ts  whioh oomprias 
the w a ll o f tne tu b u le .
P ig . 3.
L o n g itu d in a lly  f r a c tu re d  ruiorotubules In  a  fro zen -e to h ed  troph io  
tu b e . The m icro tubules appear s t r a ig h t  and a p e r io d io ity  o f approxi­
m ately 4nm oan be seen along  p a r te  of some of the tu b u le s . I n  many 
p la c e s , p ro je c tio n s  oan be seen from the adoro tubu les.
F ig , 4 .
T ran sv erse ly  f r a c tu re d  m loro tubules w ith in  a froze4>iStotsd troph io  
tu b e . With th i s  teonn ique, the  'c o r e s ' of the  udorotWbulss e tch  to  the  
same e x te n t as tne 'c l e a r  zones' vmich suiround In d iv id u a l m icro tubu les.
P ig , 5 .
L o n g itu d in a lly  f r a c tu re d  m icro tubules in  a  fro sen -e to h ed  troph io  
tu b e . The odoro tubules f r a c tu re  bo th  a t  th e i r  su rfa ce s  (arrow ed) and 
in te r n a l ly ,  re v e a lin g  th e i r  tu b u la r  s t r u c tu r e .  The o u te r  su rfa c e s  of th e  
m icro tubules d isp la y  lo n g itu d in a l s t i a t io n e  which correspond w ith  
su b -fila m e n ts .
— 14 •*
F )« . 6 .
O bliquely f r a c tu re d  micro tubule#  in  m fro sen -e to h ed  tro p h io  tu b e . 
The arrangem eiit# of euh -f ilam ente  in  the m i l  o f th e  udorotubule# a re  
p a r t ic u la r ly  c le a r  in  t h i s  case (a rro w s),
F ig . 7.
L o h g ita d lm lly  f r a c tu re d  m icro tubules in  a  fi-ogeiMe tohed tro p h ic  
tu b e , Appai'unt o ro se-b ridge#  between c lo se ly ' a d ja c e n t r^ lo ro ttb u les  a re  
commonly found. T h is  e f f e c t  might be a  te c h n ic a l  a r t i f a c t .
RNA SYHTHBSIS, MOmOSNT, AM) CYTOPMSUC llCliCOTJBUIiJS, m  TFTE 
mOTRCimC OViiRX C? EOTONZCTA GL/XCA GMUGA (L lna.)
A Thesis presented fo r  the degree of 
Doctor of Philosophy to  the U niversity  of S t, tlndrewa 
by Howard Stebbinga B, So,
Department of Zoology, The U niversity  of S t ,  Andrews, 
S t, Andrews, F ife , Scotland
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F ig . 1,
This figure  i l lu s t r a te s  the three d iffe re n t types of in sec t 
ovaries# Panoistio  ovaries have no n u tr it iv e  oells*  I 'e ro is tic  
ovaries do have n u tr it iv e  cells#  When ind iv idual o r groups cf 
n u tr it iv e  c e l ls  a lte rn a te  w ith the oocytes the ovariola i s  kaov.n 
as*polytrophio# In  te lo troph io  ovarioles the n u tr itiv e  c e lls  arg 
confined to  an a n te r io r  trophio region which connects to  each oocyte 
by a n u tr itiv e  tube#







F igs#  2 ,3  and 4  ars c s o t io n s  s ta in e d  with gallooyanine-ohrom e alum# 
Fig# 2 .
L on g itu d in a l s e c t io n  ( l^ )  through an ov a r io le  o f liotoneota#  
N u tr it iv e  c e l l s  are arranged around the trop h io  core ( c ) ,  ^mall 
le n g th s  o f tube (arrov/ed) can bs seen  p a ssin g  back to  th e develop­
in g  oocytes#  Kaoh oocyte i s  surrounded by a  la y e r  o f  f o l l i c l e  c e l ls #
F ig#  3#
Trophio reg io n . Branches o f  the trop h io  core (o )  in te r c lig ita te  
betw een the n u tr it iv e  c o l l s .  The n u tr it iv e  tubes (aiTov/ed) p ass  back, 
from  the trop h ic  c o r e , around the p r s f o l l i c u la r  r e g io n , which con ta in s  
young oocytes#
F ig .  4#
L#S# through p art o f a  n u tr it iv e  tube showing * h a ir - l ik e *  m v y  
s tr ia t io n s #
0 5mm
- 3 »  ,
F ig s#  5 ,6  and 7 are F eu lgen  s ta in e d  se c tio n s#
Fig* 5#
The trophio core (o) and n u tr itiv e  tubes are FeuXgen-nerative#
F ig .  6#
The la r g e s t  tro p h ic  n u c le i  have two or th ree  F e u lg e n -p o s it iv e  
p atch es around a  F eu lg en -n eg a tiv e  n u cleo lus#
Fig# 7 .
Cocyte n u c le i co n ta in  on ly  f a in t ly  d e te c ta b le  F c u lg e n -p o s it lv o  
m ateria l#  Tbs n u c le i  o f  th e  f o l l i c l e  c e l l s  s ta in e d  stron g ly#
% .
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F i g s . 8 -  11 aro i^eulgen s ta in e d  acuaah p rep ara tion s o f  n u tr i t iv e  c e l l s .
F ig , 8,
Squash preparation of large n u tr itive  c e l l s  shovdng two character­
i s t i c  heteroohrom tio patches.
F ig , 9.
With s lig h t ly  greater pressnro, the nuclear aeihbrane ruptures 
and the heteroohroi^itlo masses are themselves co:.ipresssd#
F ig . 10.
In Boaa squash preparations Feulgen-posltive loops can be seen 
from the heterochroaatio masses (arrowed)
F ig . 11.














F ig .  12.
DHA from the trophio region forms a sing le  band when centrifuged 
to equilibrium  on a CsCl g rad ien t. There I s  no separate band of high 
density  DNA suoh as would be expected i f  the nucleolar o r ribosom l 






3Pigs* 13f14» 15 and. 16 are autoradiographs mds a f te r  H-uridina 
incorpora tion , sta ined  w ith methylene blue*
P ig . 13.
3Autoradiograph mads 24h a f t e r  io^eo ticn  of H-uridino# There 
i s  heavy lab e llin g  over the nuoleo li of the n u tr i t iv e  c e l ls ,  over 
the trophio core (o) and ever the n u tr it iv e  tubes (arrowed)* The 
nuc le i of the oocytes are soajcoely lab e lled  a t  a ll*
Pig* 14#
A fter 24h incorporation , the n u tr it iv e  tubes (arrowed) are  heavily 
labelled* The oocyte cytoplasm and the germ im l vesic le  are l ig h tly  
labelled*
f '
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F ig. 15. 3Autoradiograph made 24h a f t e r  in j e c t io n  o f  n -urid irie* In  t h i s  
tra n sv erse  c e c t io n  most o f  th e  n u tr it iv e  tu b es are s im ila r ly  la b e l le d ,  
but th ree  tubes are q u ite  u n la b s lle d  (arro'wsd)#
F ig * l6 *
T his autoradiograph shows an a liio s t  *oold* n u t r it iv e  tube bounded 
by "hot* f o l l i c l e  c e l l s ,  in d ic a t in g  th a t th ere  i s  l i t t l e  movement o f  RfîA 
in to  the n u tr it iv e  tubes from the surrounding f o l l i c l e  t i s s u e .
15
r
■’' l i J
Fig* 17*
H istogram s o f g r a in  counts in  d if f e r e n t  reg io n s  o f  o v a r io ls s
3f ix s d  a t  d if fé r a n t  tim es a f t e r  in j e c t io n  o f H -u r id in s . Grain  
counts are g iv en  in  f u l l  in  T able 3*
Number of grains over an area of 150p^in tw o regions 
of th e  the trophic core , regions of tubes alongside 
successive follicles and cytoplasm  of the 7th follicle, 





FRONj^^^ 1st. 2nd. 3rd. 4th. 5th. 6th(%rt^g^m 
TROPHIC CORE. FOLLICLE NOS. follicle.
17
Pig* 10.
Squash p rep aration  o f la r g e  tro%]^iio n u c le i  to  w hich has been  
annealed  a  sy n th e t ic  r a d io a c tiv e  ribosom al 3ILI, p r io r  to  autoradio- 
graphy# Giemsa s ta in e d . The s i l v e r  g r a in s  are ev en ly  d is tr ib u te d  
in d ic a t in g  th a t the ribosom al gen es ai'e d isp ersed  throughout th ese  
p o ly p lo id  nu cle i*
10(im
Pig* 19*
E le c tr o n  micrograph o f p art o f the tro p h ic  reg io n  c f  an c v a r io le .  
Tropiiio n u c le i have la rg e  n u o le o li  (n ) surrounded hy chromosomal 
m ateria l*  C e ll  membranes ore incom plete and much o f th e  trop h io  t is s u e  
i s  s y n o it ia l*  There are t r a c t s  ( t r )  among th e trop h io  n u c le i  and 
th ese  a i’e packed w ith  ribosomes*
l l g *  20.
The trop h io  core (o )  i s  packed w ith  ribosom es and ad.ci'otubules* 
T his e le c tr o n  micrograph shows f lo w  p a ttern s  o f ribosom es and m icro- 
tu b u les  (arrowed) around a  tro p h ic  n u cleu s a t  th e  edge o f th e  trophio  




E le c tro n  m icrogm ph c f  an ir r e g u la r  shaped trop iiio  n u cleu s a t  
the edge o f the trop h io  œ re#  The troph io  core la  packed w ith  r ib o ­
somes and m icrotttbulea and some sc a tte r e d  m itochondria*
21
F ig. 22.
L o n g itu d in a l s e c t io n  o f  a  n u tr it iv e  tube, p a r a l l e l  n icro tu b u lea  
can be seen  a long the le n g th  o f  the tube# i'JLcrotubule le n g th s  o f  up 
to  2^ m can be traced  in  t h i s  m icrograph. At the apex c f  th e  inpush ing  
in t o  the tu b e, m icrotubules are compressed to g e th e r  (arro^Ted), w hile on 
e i t h e r  a id e o f  the inpush ing th ere la  an  absence o f liA orotubules. This 




O blique s e c t io n  through a n u tr it iv e  tu b e. IJLcrotubales are  
c l o s e l y  a lig n e d  w ith  bands o f  ribosom es between soue ïiicrotubu lesi
F ig .  24.
L o n g itu d in a l s e c t io n  through a  n u t r it iv e  tube. ïïhere there ia  a  
c lo s e  aligraaent o f m iorotubulea the cytoplasm  i s  r e l a t iv e l y  fr e e  from  















F ig . 25.
Transverse s e c t io n  through p a r t  o f  a  n u tr it iv e  tube» In  tra n sv erse  
s e c t io n  the m icrotubules show a s  dark s ta in in g  c i r c l e s  20nm in  d iam eter  




The oocy te  cytoplasm  la  packed w ith  ribosom as. Th© oocyt©  
n u cleu s l a  a ls o  shown In  t h is  micrograph and no n u o le o li  are  ev id en t.
F ig .  27 .
Low power e le c tr o n  micrograph showing ttie in t e r d lg i t a t in g  border  
betw een the f o l l i c l e  c e l l s  ( f c )  and th e cytoplasm  o f the oocyte (o o ) .  
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F ig s . 23 -  32 o re  m icrographs o f c v e a lo le s  tak en  w ith  a  C a r l Z e iss  
photom icrosoope f i t t e d  w ith  c ro s se d  po la ro id s*
F ig . 28.
The te rm in a l f ilam e n t ( f ) ,  th e  t io p h io  co re  (o ) and the  n u t r i t i v e  
tu b es  a re  s tro n g ly  b i r é f r in g e n t .
F ig .  29.
F a in t  b i r é f r in g e n t  e x ten s io n s  can  be seen runn ing  cuti^ards from 
th e  tro p h io  c o re .
Fig . 30.
IT u tr itiv a  tubes pass b ack  from the core  i n  a  b a sk e t fa s h io n  around 
the  p r e f o l l i c u l a r  re g io n .
P ig s . 31 and 32*




150um 5 0 u m  f ;
Figs# 33 34" aro oleotron mlcro/^raphg of Tiicrotubulcs Isolated from
the n u tr itiv e  tubes cf cvrrio lcs in  d ilu te  so lu tions o f for.o&lclo i^yd@ and 
n egativsly  stained witti uranyX acetate and phcaphotungstlc acid#
Fig# 33#
Acgregatlong of aicrotubules are bounded by c lu sters  of ribosomes#
Fig# 34#
Where the udorotubules tmve scattered  and spread onto the grids  
they are seen in  roughly p a ra lle l rows and ore surrounded by and even 
*encrusted' with ribosomes# The sobstruoturs o f the microtubules i s  
not w ell preserved with th is  iso la t io n  procedure#
0-2prri
F igs#  35 and 36 axe e le c tr o n  udcrographs o f  micro tu b u les  which ixive 
b een  is o la t e d  from o v a r io le s  i a  b u ffe red  be^ylene g ly c o l  and n e g a t iv e ly  
sta in ed #
Fig# 35#
Where in d iv id u a l laiorotubulea are fr e e  fr c n  r ib o so a a l c lu s te r s  
th ey  c o lla p se  onto the g r id s  re v e a lin g  th e su b -fila m en to u s su b stru ctu re  
w ith in  tk a ir  w a lls*  JL p e r io d ic i t y  o f approxim ately 4  nm can a ls o  be 
se e n  a lon g  each su b-filam en t*
Fig* 36.
In  some p la c e s  in d iv id u a l m iorotubules have s p l i t  open and whezo 
t h is  has occurred (arrowed) the number o f su b -fila m en ts  w ith in  the w a lls  
o f  a  s in g le  tubule can be counted accu rate ly*

Figs* 37 -  41 show fre s a e -e to h a d  f r a o tu re a  of loioro tu b u le  a w ith in  
n u t r i t i v e  tubea*
Fig. 37.
lo n g itu d in a lly  fra c tu red  ridorotuaules in  n u tr it iv e  tubes* With 
t h i s  teolin ique the m icrotubulos appear s t r a ig h t  in  com parison to  the  
*wavy* laaga  observed in  th in  s e c t io n s .
F ig .  38.
p a r t  o f a  tra n s v e rs e ly  f r a o tu rc d  n u t r i t iv e  tubs showing tra n s v e rs e ly  
f r a c tu r e d  micro tubules#  A  ' c l e a r  zone* can  b s  seen  around in d iv id u a l m icro- 
tu b u le s  and th i s  e tch es  to  th e  same e x te n t a s  the  'c o r e s ' o f the rilo ro tubules*

F ig . 35 .
L o n g itu d in a lly  fra c tu red  m icrotubu les in  a  fr o z sn -e tc h e d  n u tr it iv e  
tube* The L dcrctubules fra ctu red  both  a t th e ir  s u r fa c e s  (arro^ved) end 
in t e r n a l ly f  r e v e a lin g  t h e ir  tu b u la r  stru ctu re*  The c u te r  su r fa c e s  c f  
the m icrotubules d is p ly  lo n g itu d in a l s t r ia t io n s  which correspond w ith  
su b -filam en ts*
Fig* 40*
O b liq u ely  fra ctu red  ciiorotu b u lss in  a  fr o  gen -etch ed  n u t r it iv e  tuba, 
The arrangement o f  su b -fila m en ts  in  the w a ll of the m icrotubules are 
p a r t ic u la r ly  c le a r  In  t h i s  ca se ,(a rro w ed ).
F ig .  41*
L o n g itu d in a lly  fra c tu red  m icrotubules in  a  fr o z e n -e tc h c d  n u tr it iv e  
tube* Apparent c r o ss -b r id g e s  betw een c lo s e ly  ad jacen t m icrotubulea are  
commonly found. T his e f f e c t  might be a  te c h n ic a l a r t ifa c t*

Figé 42*
The c o ld  trea ted  o v a r io ls  on th e  l e f t  chows g r e a t ly  reduced  
b ir e fr in g e n c e  in  comparison w ith  th e  c o n tr o l o v a r io le  tn  the r ig h t,
F ig . 4 3 .
The c o lc h ic in e  tr e a te d  ovariol©  on the r ig h t  has l o s t  i t s  b ir e fr in g e n c e  
and tro p h ic  n u c le i  have flow ed  bach In to  the neck c f  th e  ovario le*  T h is  
fâovea»nt produces the streauvdng e f f e c t  in  t h i s  lon g  exposure micrograph.
A normal ov a r io le  i s  shown on the l e f t .

P ig s .  4 4 - 4 6  ara e le c tr o n  m icrographs o f  tran sverse  s e c t io n s  o f  p a r ts  
o f  p a r ts  o f  n u tr i t iv e  tubes a f t e r  treatm ent w ith  d if f e r e n t  co n cen tra tio n s  
o f  c o lc h ic in e  f o r  3h*
Pig# 44.
N u tr it iv e  tubes tr e a te d  w ith  0*1^ c o lc h ic in e  are in d is t in g u ish a b le  
from u n treated  tu b es.
P ig .  45*
A fte r  treatm ent w ita  1 .0^  c o lo iiic in o  the number o f m icrotubules w ith in  
the n u tr it iv e  tubes i s  markedly reduced*
P ig .  46 .
M icrotubule3 are  rare (arrowed) In the n u tr it iv e  tubes o f o v a r lo la s  
tr e a te d  w ith  2 .d -  c o lc h ic in e  and th e ribosom es spread ev en ly  over tra n s­
v e r se  s e c t io n s  o f  tns tu b es.
T I





F ig . 47.
ïhotom icrcgraph in  p o la r ise d  l ig h t  o f  tho a n te r io r  r e g ic n  o f two
-3o v a r io le s*  Tbs o v a r io la  on the l e f t  has been bathed f o r  6h in  10 li 
v in b la s t in e  (V5L). The one on the r ig h t  m s  Lspt in  R inger.
F ig s .  48 -  53 are e le c tr o n  aaicrograplis o f o v a r io le s  a f t e r  treatm ent fo r  
-36h w ith  10 U V3L.
F ig .  48 .
T ransverse s e c t io n  through p a rt c f  an o v a r io le  showing an oocyte (oo)»  
and a n u t r it iv e  tube (n t )  surroundsd by f o l l i c l e  c o l l o ,  C ry sta ls  (o r )  
can be seen  in  the tube and th e f o l l i c l e  c e l l s .  In  the tube tne c iy s t a l s  
a re  c u t  in  tran sverse  s e c t io n ,  w hile  in  the f o l l i c l e  c o l l s  the c r y s ta ls  
are randomly o r ie n te d .

F ig . 45.
Transverse s o o t ic n  fehz'ough a  nuti’l t i v e  tube* C ry sta l s tr u c tu r e s  (o r )  
can be se e n , a ls o  in  tra n sv erse  s e o t ic n .  The VBL, has d estroyed  the  
m ajority  o f  the m icrotubulea le a v in g  a rcs  and c i r c l e s  o f ribosom es.

Fig. 50.
T ransvsrss s e c t io n  through a  o i y s t a l ,  showing i t s  r eg u la r  hexagonal 
su b -u n its .
F ig .  51.
L o n g itu d in a l s e c t io n  c f  a  n u tr it iv e  tu b e , showing the eo-ex istan c©  o f  
ciiorotu b u les and c r y s t a ls .  In  such s e c t io n s  o f n u tr it iv e  tubes the c r y s ta ls  
and ths s iic ro tu b u lc s , when p r e se n t , arc alw ays seen  i n  lo n g itu d in a l s e c t io n .

F ig .  52 .
TransvezsQ s e c t io n  through p a rt c f  a  n u tr it iv e  tube showing iidcro- 
tu b u les  surrounded by an e x te n s iv e  c r y s ta l  la t t i c e *  There are  few  
c o n ta c ts  betw een m icrotubules and c r y s t a ls .
F ig ,  33m
S e c t io n  tnrough the cytoplasm  c f  a  n u tr it iv e  c e l l .  Rows o f  
ribosom es appear to  ba in  c o n t in u ity  w ith  the c i y s t a l ,  which i s  seen  in  
lo n g itu d in a l s e c t io n .  There i s  an o u t -o f - s te p  arrangement o f  rifeosomes 
in  ad jacen t rows#
M
Fig* 54 ,
E le c tr o n  sdcrograph o f  a  tran svorss s e c t io n  through pa.rt o f a
-3
n u tr it iv e  tuba w ith in  an ovcir ic le  a l t e r  treatm eut Ydth 2 x  10 II VBL 
f o r  6h* C ry sta l s tr u c tu r e s  spread over much c f  tho tran sverso  s e c t io n  
o f  tho n u t r it iv e  tube# In  p la c e s  tho c r y s ta l  s tru c tu re  i s  lo o se  and 
w eb -lik e  (arrow ed), which c o n tr a c ts  \y ith  th s reg u la r  hexagonal su b -u n it»  
o f  compact c r y s ta ls#  In  t h i s  tu b e , th ere i s  an alm ost t o t a l  absence c f  
fr e o  ribosom es# .

Fig# 55.
B le o trcn  micrograph o f  a  transverso  s e c t io n  o f  p a rt o f a  n u tr it iv e
•if
tubs w ith in  an o v a r io le  which had been tr e a te d  fo r  3h w ith  10 I* VbL, 
C r y s ta ls  (o r )  can be seen  w ith in  the n u tr it iv e  tube and a ls o  in  the  
cy to p la sa  o f  one o f  the surrounding f o l l i c l e  c e l l s .  With t h is  ooncsn- 
tr a t io n  o f VBL, m icrotubules are  v i s i b l e  in  those p a rts  o f  ths n u tr it iv e  




SCO t ie n  o f the p r e c ip ita te  fo r c e d  rhen v in b la s t in e  added to  
su pern atan ts o f  hoaogenates o f  o v a r ie s  o f  Hotoneota » In  some r e g io n s  
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Fig. 57.
Goans o f o o iy la siid e  g e l s .  P r o te in s  separated  by e lso tr o p iic r c s is  
and s ta in e d  w ith  f a s t  g i’ecn .
a ) R ep resen ts p r o te in s  in  110,000 g  su p s im ta n t  o f  hosogenates o f  whole 
o v a r ie s  o f R otoneota,

















gcaïîfl o f acrylam iàe g e l s .  P r o te in s  sep arated  by e le c tr o p h o r e s is  
and s ta in e d  T/ith f a s t  green .
C) P r o te in s  r e m iiiin g  in  supernatant a f t e r  110,000 g  su p em atim ts o f  
o v a r ie s  havd been tr e a te d  w ith  V3L#




F ig . 55.
U lcc tr cn  liicrcgraph  c f  a  tran sv crso  cE oticn  through part c f  a  '
n u tr it iv e  tube fr o o  an c v a r io le  which had been p r e -tr e a te d  f o r  3h
-3
Y.ith 0*1^- c o lc h ic in e ,  fo llo w ed  by 10 M V3L f o r  3h. C r y sta ls  composed 
c f  regu leir ly  shaped su b -u n its  can be seen  amongst the jniorotubulee  
w ith in  the n u tr it iv e  tube*

F ig s . 60 and 61 b jc3 e lectron  micrographs of o variole a a fte r  treatment
. -3  ■m th  1.0;.' c o lo iiic in o  f o r  3h , fo llo w e d  by treatm ent w ith  10 U VnL f o r  
a  f a r t h e r  3b,
f i g #  6 0 .
A fte r  pretreatm ent w ith  I.Qrf c o lo h ic in e ,  V£L Induces the form ation  
o f  fe a th e r y  a g iT sga tes v d tiiin  the n u tr it iv e  tu b e s .

F ig. 61.
In  c o n tr a s t  w ith  the c r y s ta ls  composed o f  reg u la r  su b -u n ita  Y^ilch 
form in  n u tr it iv e  tu b es a f t e r  treatm ent w ith  VBL, fe a th e r y  aggregates  
are induced by VBL in  n u tr it iv e  tubes vvliich had been  p re tre a te d  w ith  
1.0 /f c o lc h ic in e .

Pis. 62.
3In corp ora tion  of Il-u rid in o  in to  lu ll o f  s in g le  o v ario lu g  over a  
p er io d  o f  Fach p lo t  I s  taken  from the average count o f
10 o v a r io le a .
F ig .  63.
Sucrose scd ise n to .t ic n  p a ttern s  o f Klîa from a) f r e s h ly  e x c ise d  
o v a r ie s  ( c o n t r o ls ) ,  and b) o v a r is s  which k id  been c u ltu r e d  f o r  24h  
(e x p é r im e n ta is ) ,  both  o f  which were incubated  fo r  a  fu r th e r  6h in
3H -u rid in e . f ------— — "# rep re se n ts  tne 0.D, o f  t o t a l  RI&.  -----------
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